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THE HEARING OF PRIMITIVE PEOPLES 

INTRODUCTION 

In the pages which follow are presented some data relating to 
the problem of the hearing of primitive peoples. The stady was 
made in connection with other experiments on the inferior races at 
the Louiaiana Purchase Exposition in 1904. During the period of 
the Exposition, the writer, in the capacity of Assistant Superin- 
tendent of the Sections of Anthropometry and Psychometry, under 
the Division of Anthropology, in cooperation with Dr. (now Pro- 
fessor) R. S. Woodworth, who was his immediately superior officer, 
was commissioned to make a atudy.so far as practicable, of the mental 
and physical status of the alien races stationed on the Exposition 
grounds. In the arrangements for the tests, the entire problem of 
the hearing of these people was assigned to me— the ways and 
means of testing their hearing, together with the turn and scope the 
particular study of hearing should take. 

When it came to the question of selecting the tests to be made, 
there wss little of historical precedent to aid in making a choice. 
Dr. CTiarles Myers, in the only extended report on the hearing of 
primitive peoples extant, had examined three phases of hearing, 
namely: (1) The upper threshold of pitch, (2) the acuity for tones 
of medium pitch, and (3) the perception of interval. In addition to 
these three testa, a number of others, which might have brought out 
interesting snd instructive results, suggested themselves to me. 
These related to space perception, tone, memory and imagery, and 
clang preferences. The scope of our work, however, was subject to 
certain definite limitations^ 

In all, there were stationed at the Exposition in one capacity or 
another, something like one thousand individuals of various races, 
whom it might be possible to measure. There were two of us to 
carry on the work. One of two alternatives, consequently, must be 
purmied, (a) to restrict the number of measurementa which should 
be made of each individual or (6) to confine the measurements to a 
few representative individuals and races. We chose the first in the 
hope that with relatively large groups some fairly definite informa- 
tion could be obtained. In consequence of this limitation of tha 
number of measurements, it waa thought advisable to confine tha 
number of tests of hearing to three or four. After sraie considera* 
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tion and advisement, I selected the three* which Dr. Myers had made 
on the Papuans. 

So far as practicable in these tests of primtive peoples, I hoped 
to be able to present my conclusions in such terms that the data 
might, if desired at some subsequent time, be reviewed and the 
measurements compared. I have consequently attempted to express 
my data in definitely interchangeable units, that is in acoustical 
units which are wholly objective in character. Much of the work 
included in this report, for this reason, is wholly a matter of physics. 
It concerns itself with the graduation of the instruments employed, 
but, for purposes of a quantitative psychology, this phase of the 
problem is none the less important. 

In this connection, I desire to express my indebtedness of one 
kind or another, to those who have particularly assisted me in the 
undertaking and completion of the study herein reported. To Pro- 
fessor Cattell, first of all, I am especially indebted for suggestions 
relating to the problem as my particular field of research and for 
many valuable and kindly hints and criticisms in the treatment of 

*The instruments and methods with reference to the first two named, 
(1) the measure of the upper threshold for hearing and (2) the determinaticm 
of the acuity for tones lying within the range of conversational speech, will be 
fully detailed in the proper place. With reference to the perception of interval, 
however, a word is necessary in this connection. 

The usual method of testing the perception of a musical interval is with 
the aid of tuning forks. I took to the Exposition two K5nig tuning forks, 
differing from each other by four full vibrations, the one having a Vibration 
frequency of 512, the other 516. On one of the prongs of the fork of lower 
pitch I placed a metallic rider, which it was possible to slide up and down and 
which might be fixed readily by means of an ordinary thumb screw. Thus the 
pitch of the fork could be raised or lowered without occasioning any wearisome 
delays. It seemed impossible, however, to arrange the rider in such a way as 
not to alter the character of the tone which followed independently of its purely 
pitch character. With the rider attached, the two forks possessed marked 
characteristics of clang tint by which they could be distinguished, wholly inde- 
pendently of the feeling of a pitch difference. My subjects were repeatedly 
warned that they should neglect the individual peculiarities in the two tones 
and render a judgment based only on their recognition of a difference of pitch. 
It appeared that this even my most intelligent subjects were unable to do, for 
questionings always showed that the individual peculiarity of the tone of each 
fork had become fixed during the earlier moments of the test, wh&a. the differ- 
ence in pitch would be so marked as to be easily observed by all the subjects. 
Such a method of conducting the experiment as that just indicated seems neces- 
Baiy with children and intelligent adults to impress the object of the test. 

Since, with intelligent white subjects, it seemed impossible to secure satis- 
factory data, it appeared imreasonable to presume that anything could be gained 
from this test on the primitive peoples. This test, therefore, was abandoned 
altogether and the hearing tests confined to two, (1) simple acuity and (2) 
upper threshold of hearing. 
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the imulta. To Prof<>mor Woodworth, it is impomble to ezprcM 
the full extent of my oblifrBtions. He performed Urge numbers of 
the teiitJi. He, ehiefly, was instrumental in making the arrangements 
with the offieiala in chance of the several groups for having the 
natives brought to our laboratories for testing. His searching 
criticisms, encouragement and interest at all times during the months 
at the Exposition, and subse<|uently, in the work of graduating the 
instruments have been an unfailing source of inspiration. To Pro- 
fessor W J McOee, Chief of the Department of Anthropology at 
the Louisiana Purchase Exposition, I am indebted directly for my 
selection to carry on the work. His encouragement in the work also 
and his aiisifftance and cooperation in having the peoples brought to 
the laboratories for measurement was of inestimable worth. To S. 
M. McCowan, Superintendent of the Chilocco Indian School, who 
had charge of the Indian Ethnological exhibit at the Exposition, 
I am indebted for the privilege of measuring the Indians of the 
School, and to Major William Haskell, U. 8. A., for the privilege of 
measuring the Philippine Constabulary soldiery. For sssistance in 
interpreting directions and otherwise aiding the measurements, I 
was under obligations to Mr. Inagaki, of Tokio, in connection with 
the Ainu. Reverend 8. V. Vemer, in connection with the Pigmies, 
Dr. William Newcomb, in connection with the Vancouver Indians, 
and to Mr. Cushman, in connection with the Cocopas. Finally, and 
in a more comprehensive sense, I am indebted to all those who offered 
themselves as subjects for measurements, the mention of whose 
names alone would require many pages. Though mentioned in this 
fceneral way only, my feeling of thankfulness to them is no less 
sincere. 



CHAPTER I 

The PEunjEs 

In all, I was able to iwure hearin^c record*, which were more or 
leas auitable for uae in makin^c various deductions indicating? indi- 
vidual and racial differences, from about four hundred individuals. 
These were distributed as follows: 156 Whites; 63 Indians; 137 Fill- 
pinos ( C*hristianized ) ; 10 Cocopa Indians; 7 Ainu from the Island 
of Hokkaido. Japan; 7 Indians from Vancouver's Island; 6 scM^alled 
African Pi^rmien; and 4 Indians from the re|?ion of Southern 
Patain>nia. 

The Whites. — The Whites whom we measured were those, for 
the m<ist part, who Btrolle<l throuirh our laboratories primarily to 
view the exhibits, but ciffenni themselves as subjects for our tests^ 
willinir victims to be sacrificeii, as %re chose, in the interest of the 
furtherance of scientific truth. We examine<l altofT^ther about 100 
of each sex but many of the records were unavailable for my pur* 
posf!!. either because the subjects were too youni? to l>e usetl in 
comparative tests or. to b*» sure. l>ecause they had advance<l too far 
in years t4» make data conceminK their hearing; of value in com* 
pariiion with th<ise of younirer individuals of other races. Many of 
the individuals were fo^duates from colleK<'S and universities, others 
wen* sehoiil tesehem. A numl>er of prof**ssionsl and biuiiii«*ss men 
and women heljKHl make up the numlier. Ind«*etl, for the m<ist 
part the >rri»up was made up of intellitr»'nt people. 

Thf /sJuiwj— Except the ChristisniiVMl Filipimsi and Whites, 
the Indian?! eonHtitut#N| the mcmt numenais irri>up teste<l. However, 
it can not lie fcai<i that th«* Indians m«*asurYMl formiNl a xin^rl^ frroup, 
f«»r they were bn»uirht fn>m r«nrions as wulejy s^'psrstetl as the 
Vancouver Inlands and Pstsronia. They l>el<in$red to approximately 
fourt»-en difTen-nt st<«<'k«, k.% may l>e m^-u by the ifri>upint;s lielnw. 

The irrvatt-nt numU*r of individuaU bi*loni^*il t«» the Al^nrnkiaii 
st'^ek. Next in <«nl«*r came the Shimhonm, then tlie Sioux. Pima, 
IriM|u<>isn tn the c»nler inven. 

Dunnjr the mhole of the Kxp4«iition jwrio^i there were kept at the 
Indian SchtM^l for purp^Mes of exhibition somethinir like 77 Indians. 
Of lhi% numl>er wr teste<l 27 msl«« snd 44 females. Of the males, 
14 ^rjT fullblt«»*led an<l 13 mixe^lbhuxls. Amonic the females, but 
four were of true itcjck. The mixedblootb were in all cases partly 
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white— that is, partially American, Scotch, French, German, 
Swedish, Spanish or Irish. Not a singrle individual among the In- 
dian int>ap, so far as we know, poasessed a negro strain in hia 
inheritance. 

It may well be questioned whether any group of individuals ao 
heten>freneous]y conditioned as was this, might, with propriety, be 
lumped and treated as if representative or typical of the race. 
Indfeil, were we dealing with traita in which tribal and stock dif- 
ferences are marked, as for example, anatomical features, such a 
proce<lure would be wholly unwarranted. Sensory features, how- 
ever, are subject to a smaller range of variation. Moreover, theae 
Indiana from the Model Indian School came largely from the Indian 
schools at Haskell, Chilocco, Genoa, Phcenix and Ft. Shaw. Many 
of the boys and girhi were taken from their homes at an early age 
and boarded at the Indian schoohi where they were subjected to 
social habits, intellectual training and industrial occupations which 
are common to whites. For the most part, they conducted them- 
selves as do the young men and women of our cities. So far as their 
attitude toward society is concerned, one could not detect anything 
that would point directly to their immediately native origrin. Hear- 
ing tests, moreover, look to constitutional differences rather than 
anything that may be directly influenced by a social veneer, hence 
the culture to which these bojrs and girls had been subjected, we 
might with reason aver, would affect their aensory reactions only 
very remotely. 

The membership of the Model Indian School was made up of 
individuals belonging to the first twenty-two tribes named above, 
excluding the Hopi or Moki people who were eonnected with a con- 
eMsion on the Pike. Obviously, the numbers are altogether too few 
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to bring out tribal diflPerences. All considered, therefore, it seems 
best to treat the membership of the Indian School as a single 
cultural group, nor does it seem necessary to indicate with reference 
to this group such physical and mental traits as mark off the various 
tribes of Indians aligned under the several stocks or families. Hav- 
ing lived for three or four years directly under the influence and 
training of an American civilization, the factors which might arise 
from differences in home life and ancestry are for the most part 
obliterated. 

The FiUpinos.— The 137 Filipinos whose hearing was tested all 
belonged to that branch of the Philippine soldiery known as the 
Constabulary. They constitute the local police of the Islands, being 
stationed in squads of eight in the different villages and districts, to 
preserve order. Inasmuch as the Constabulary is a branch of the 
local civil service and the remuneration is considerably in excess of 
that received for other manual vocations, the better element of the 
citizenship has been attracted to its ranks. Those brought to St. 
Louis were men in the prime of life, none older than thirty-five years 
or younger than seventeen. All had attended school to a certain 
extent at least. None was found to be illiterate or unable to write 
his name, tribe, and place of residence in the Islands. Many of 
the men were sons in well-to-do families who had attended the 
Spanish and parochial high schools and colleges found in the 
Philippines. Rather indicative of the scholarly habits of many of 
the younger men was their activity in acquiring our language. It 
was not uncommon to observe groups of men collected in some place 
apart with dictionary and grammar, assiduously studying English 
grammatical forms and usages. 

In collecting the group for representation at the Exposition, it 
appears that the men were drafted in squads of eight from the 
various Constabulary regiments located in every part of the Archi- 
pelago, there being, in fact, eight from the Moro population of the 
Island of Mindanao. The tribes represented were the Tagalog, 
Visayan, Ilocano, Bicol, Macabebe, Pampanga, Pangasinan and 
other less well established tribes. It does not appear that any cri- 
teria of stature, strength and intelligence were used in selecting the 
individuals for representation. Two legs, two arms and two eyes 
were required. Besides, it was necessary for the recruit to under- 
stand enough Spanish to take the orders of the line in that tongue. 
Other than these, there seem to have been no prerequisites. 

The Cocopa or Seri Indians.^The Cocopa or Seri Indians tested 
were all males. For one reason or another, sickness, timidity, in- 
dolence, the women of the tribe could not be induced to come to the 
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UbonitoriM where the measarin|( was beinic done. It wan chiefly 
through the iiutnuneDtality of Profenor W J McOee that the Seri 
Indians were brought to the Exposition.* As the result of a careful 
and painstaking study of the social habits, customs and physical 
characteristics of this interesting group of people, Dr. McGee speaks 
in the following words: "Isolated to a considerable extent on 
Tiburon Island (in northwest Mexico) these people have successfully 
resisted the innovations of the white man. To-day they still culti- 
vate aboriginal crops by aboriginal methods. They are said to be of 
so low a grade of culture that they may be classed as just entering 
the stone age. Physically, the Seri are a gigantic people, perhaps 
not excelled in their physical proportions by any other known tribe. 
Force of circumstances has made them an agricultural people chiefly, 
though the Cocopa are also given to the chase." Their habitations 
are extremely crude and primitive. Coarse grass, branches, leaves 
or whatever may be most convenient are thrown upon a crude frame- 
work of poles for a roof, while the same sort of an improvised 
material serves for walls. Such a habitation serves illy the purposes 
of protection from either heat or storm. The Seri Indians are not 
as intelligent as the average of the Indian race. They are inert, 
unresponsive to new impressions, dull and stupid in the face of an 
untried problem, and succumb readily to a diiRcult situstion. With 
the older members of the group, especially, our efforta to make them 
approach our tests intelligently had been almost baffling were it 
not for the very able assistance and encouragement of an intelligent 
native interpreter, a half-blood woman who very ably interpreted our 
directions to the several subjects, but even with this, in some cases, 
the tssk seemed hopeless. Auditory scuity measures, however, being 
extremdy simple, leas diiRculty was experienced with respect to 
them. 

Ths iiiiui.~Tbe Ainu, four males and three females of whom we 
tested, are a people of more than ordinary ethnological interest. 
Surrounded by peoples of yellow skin, scant beard and little body 
hair with a head covering of straight black hair, the Ainu are whits 
(when free from dirt) and their bodies and faces so profusely grown 
with a thick coat of hair that they have been popularly described ss 
the hairy Ainu. The hair, too, is brown and wavy rather than 
straight. They inhabit the Island of Hokkaido or Tezo of the 
Japanese group. Little is known of the people's origin or ethnie 
relations. Until recently they had been little disturbed by other 
peoples, even by the Japanese among whom they dwell. While 

' Pfoft— or McGm msd« Mme eztriifliTe explormtioiui in the Serf eowitiy, 
wkitk mn r*port«d at Itafth ia Um Ananal Report of the Rmithiniiian lasti- 
Islioa lor tlM jsar 18M-M (Part L, pp. 1-8S6). 
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natively the Ainu are honten and iarmen^ those at the EzpoBition 
bad been under the influence of American mianraiarieB, chief of 
whom is the famous Mr. Bachelor whose influence with the native 
Ainu has been remarkable. Through his influence it was that the 
people consented to leaye their native land for the journey to this 
far off country. One of the Ainu young men had attended Mr. 
Bachelor's mission school, another had been a servant to another 
missionary. The father of the household, an old patriareh, had also 
been converted to the Christian faith, but had never quite sur- 
rendered all of bis native instincts and superstitions. He was a 
farmer and bear hunter and still clung to the superstitions attaching 
to the erection of a bear bead at the door of the dwelling to ward 
off evil spirits and omens. 

The Ainu are short and stocky, sluggish in movement, deliberate 
in action, excessively timid in the face of a novel situation, and, 
taken all in all, very immature in their mental conceptions and 
aptitudes. However, they were willing and patient in the tests to a 
degree to cast reproach upon many of our white subjects. The 
Ainu were brought to America by Professor Frederick Starr of the 
University of Chicago. We were much indebted also to Mr. Y. 
Inagaki, a Japanese student, familiar with the Ainu language, who 
interpreted our directions to the Ainu subjects. In fact, in many 
ways, Mr. Inagaki's kindly interest and assistance alone made the 
UmU on these people at all possible. Especially was this true be- 
cause of their excessive timidity. 

Vancouver Indians.— -The Vancouver Indians belonged to two 
irihvHf the Kwaguitl and the Nutken. There were present at the 
Kxprmition, two members of the first named tribe and five of the 
Ifttt^»r. Like the Ainu just described, some of these people were 
int<!rrnlated. At least four of the group of seven tested were closely 
so, ilioiigh we were unable to discover in all cases the exact character 
flfid fixtent of the consanguinity. There were Atleo, an old man of 
twrhnpn 05 years, his two daughters, Ellen, aged 35, and Anna, aged 
#10, or thcirflabouts, and a nephew, Jack Curley, aged 28. Prom a sci- 
MriHIln point of view, of course, this was unfortunate. 

TliM ptiysical proportions of the Vancouver Indians are rather less 
Minn. Hioso of the individual of the Algonkian stock. The Vancouver 
Indian is shorter and slighter of build, but on the whole, stronger 
nnd morn hardy. Ho is certainly more active as well as more alert 
Uiitn iho Algonkian. In their native haunts, the men are fisherman, 
i)tUm going niilos to sea in open boats in the search of whale and 
wial, wtitnh am captured by skillful rowing and spearing. 

'IHio Vancouver women are especially noted for their beautiful 
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blanketry, skill in weaving and dyeing. Some of the men also carve 
skillfully in ivory and wood. In common with most Indian tribes 
of the Northwest, the Vancouvers have elaborate ceremonial rites, 
family legends bound up with the family totem, and certain fiducial 
customs and habits, which are the sacred possession of the household 
to which they are attached. The totem and fiducial customs at- 
tached thereto pass down as a family coat-of-arms, as it were, by 
which the tribe is distinguished. 

In point of intelligence, the Vancouver Indians surpassed any 
of the Indians we tested save only those boys and girls at the 
Indian schools who had for years been moulded by the influences and 
habits of whites. We, therefore, found these people easy to handle 
and instruct. 

The Pigmies.^Tlie group of people popularly known as the 
Pigmies whom we tested were made up of individuals from three 
tribes; three Batwas, two Batsubas and one Cheri Cheri; aU were 
males. Their ages were uncertain. They were, however, boys, 
almost if not fully grown, though I think none was older than 25 
years. It is claimed that no Pigmies had before crossed the 
Atlantic, and naturally they were of peculiar interest. Only two or 
three of the natives had ever before left Congo territory. The 
Pigmies were brought to the St. Louis Exposition by Rev. S. V. 
Verner, a missionary who had spent some years on the African 
coast, and had familiarized himself with the Pigmy language and 
social customs. Mr. Verner related that it required some energetic 
persuasion to induce these people to accompany him to St. Louis. 
The Pigmy tribes observed by Mr. Verner in the Congo lived a 
parasitic existence, following the large Kaffir tribes and feasting on 
their bounty or refuse. It is related that companies of Pigmies and 
dogs, intermingled, station themselves at reasonable distances from 
Kaffir feasts, spying with envious eyes the feasting banqueters. 
No sooner is an unwholesome piece of flesh cast aside by the Kaffirs 
than there ensues a scramble of Pigmies and dogs indiscriminately 
for the rejected prize. Whether all Pigmies stand so low in the scale 
of social culture we are unable to say, but it is held to be applicable 
to the group which we tested. 

In physical appearance, the Pigmy presents no sign that might 
lead one to class him as of degenerate stock. Although not exceed- 
ing an American boy of twelve years in stature, his bodily propor- 
tions are good. Still, he is not robust nor capable of great endur- 
ance or extraordinary feats of strength. This inferiority, however, 
probably has its basis in habit, rather than in any innate physical 
incapacity. Active in play and frolic, and with a keen sense of 
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hoinor, the Pigmy is a thorouirh optimist lie really enjoys life, 
indeed, takes everything with such a degree of levity, that it was 
only with considerable effort that we were enabled to have him 
approsch our tests with anything like the seriousness they demanded. 
Withal, the Pigmy is stupid and dense and apprehends meanings 
slowly and often incompletely. The hearing tests being very simple 
in character, however, were understood with a fair degree of appre- 
hension, snd I have reason to believe that the data are reasonably 
representative of the group measured. 

The Patagonians^Teku^lcke Indians. — I was successful in test- 
ing only four men of the group of Indisns from southern Patagonim; 
their agt« being respectively, 18, 24, 35 snd 55 years. At home, tlie 
individusU on exhibition st the Exposition had been employed aa 
herdimien on the Patagonian prairies. They had learned the use of 
money and, furthermore the habit of rendering no service, no matter 
how trivial, without a money conaideration. This necessitated a 
bribe of money before any measurements were possible. 

Like many other of the Indian tribes, the Tehuelche are sullen 
and uncommunicative. Their cultural habits are primitive. Their 
habitation is a tent made of the skina of the llama or guanaco. sewed 
together so as to form a considerable sheet. This is then stretched 
acroiM poles, with the edges spike^l to the ground. Within this tent, 
the family cooks, sleeps snd lounges. As there is no vent for the 
escape of smoke, and the tl«iorR are never scoured, tilth and grime 
abound everywhere. 

The Tehuelche are horsemen and skilful in the use of the bolo, a 
triple thong IcMuleil at the end with stone weights— which is thrown 
great distsnces with unerring sccurscy. They are a large people, 
both men and women being tall and robustly built. With respect to 
the four individuals measured by us. no unusual difficulty was ex* 
perienced in instructing them in the ways of the testa, but I question 
whether in grade 4>f intelligence, they did not exceed the sverage of 
the Pstagonian Indian. 



PART I 

THE UPPER LIMIT OF AUDIBILITY 

CHAPTER II 

H18TOUCAL 

That considerable individaal differences exist amongst persons 
with regsrd to the faintest tone that can just be sensed is commonlj 
recofniixed, but differences in the range of hearing are not so readilj 
apparent Helmholtz first called attention to the fact that the chirp 
of the cricket is sometimes wholly inaudible to people whose hearing 
is otherwise uneffected--who have experienced absolutely no diminu- 
tion in hearing. Even after the fact was known that such individual 
differences really exist, the experimental determination of the range 
of such variations long awaited some device which would produce 
and accurately evaluate the sonorous stimuli. 

Experiments with visual sensations present no such difficulties ss 
are encountered by an investigator who works with sound. Among 
visual stimuli, qualitative characteristics are overt They stand out 
in such a way as to be little confused by an individual with a 
normally functioning visual organ. Differences in color such ss 
those between red and green, yellow and blue, or, indeed, yellow and 
red, are readily perceived, and at the same time differentiate certain 
qualitative effects to which there is no analogue in the field of audi- 
tion. When one is affected with the sensation red, it has been de- 
termined once for all time, that the stimulus arises from a disturb- 
anoe in the ether amounting to approximately 450 billions of vibra- 
tions to the second, and that the sensation blue corresponds to a dis- 
turbance of approximately 790 billions. But, among the higher 
orders of pitch, differences in tones ss great as an octave are seareely 
observed, even when they follow each other in immediate sueeessioiL 
Indeed, among comparatively low pitch values, the perception of 
tone differences is relatively uncertain. In truth, pitch differenees 
stand out as variations in degree only, while color differenees naively 
are differences in kind. 

Coming to the question of accurate time analysis, the physical 
diiBeulties are still more involved. What the prism has been able to 
do for the physicist in sssisting him in estshlishing the wave-length 
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of any ray of light whatsoever, the rescmators of Hehnholtz and 
Konig do only very unsatisfactorily, in helping to fix the components 
of any tonal compound or establishing the pitch of a given unknown 
sound. The latter, indeed, must still be accomplisAied by compli- 
cated registering devices. Again, the nature of auditory stimuli is 
such as to make every unfamiliar tone in nature an almost wholly 
unknown quantity, which it becomes necessary to establish, empiri- 
cally, always anew. And with a shrill tone, the empirical method 
alone suffices to fix the pitch even roughly. 

Unfortunately, the importance of knowing the exact character of 
the stimuli employed has not always been appreciated by investi- 
gators in the field of hearing. Especially is this to be regretted in 
the reports of investigations on the limits or the range of audition. 
It thus happens that on account of a diversity of statement and 
lack of precision in the definition of the tones employed, it is wholly 
impossible to compare the data of different investigators. But they 
serve to emphasize the futility of any research in the field of hearing 
unless the physics of the problem involved has first been clearly 
worked out. Some figures relating to the upper threshold of hear- 
ing, given out by different investigators, will serve to illustrate what 
I have just indicated. 

Blake and Appunn^ who are among the foremost investigators of 
the upper limit of audibility, think the human ear to be sensative to 
tones of 50,000 or 60,000 double vibrations to the second. Preyer* 
placed the extreme upper limit at 40,000 vibrations; Konig,' with 
the use of short sounding rods and a modification of the Galton 
whistle, got results substantially in agreement with those of Preyer. 
With a Galton whistle blown by a constant air blast, Zwaardemaker* 
believed he could produce audible tones whose vibration rate ex- 
ceeded 33,000 to the second. But all these data were called in 
question by Melde,* who pointed out that previous investigations 
were valueless because of instrumental errors. Melde's objective ex- 
periments with different makes of instruments led him to believe that 
no ear is sensitive to tones above 24,000 double vibrations to the 
second. Melde's investigations were repeated and elaborated by 
Schwendt,' who reached the conclusion that with the Galton whistle, 

^Annal. d. Phya. u, Chem, 64: 409. 1898. 

'"Die Grenzen der Tonwahmehmung ** (English trans.), Proc, Mus. Assn,, 
1876, pp. 1-32. 

•Annal d. Phya. u. Chem. 69: 626-66, 721-38. 1899. 

^ArcK f. Ohrenhk. 85: 30. 1893; Ztachr. f, Paychol. 7: 10. 1894. 

•Pfliiger*a Arch. 71: 441. 1898; Annal. d. Phya. u. Chem. 67: 781-793. 
1899. 

• Pfluger'a Arch. 75: 346-64; 76: 189-91. 1899. 
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audible tones of greater vibration frequency than 22,000 can not be ' 
produced. However, with an instrument modeled after the type of 
the steam whistle (Edelmann's), Schwendt^ found that where 
greater intensities of air blasts might be employed, a tone of the 
value of 49,000 double vibrations might still be heard. With the 
same whistle, Edelmann® put the upper limit at 50,000 double vibra- 
tions. By a singular method Stumpf and Meyer,® in which some 
Konig forks and an Appunn Galton whistle were graduated by a 
method of difference tones, believed a greater vibration rate than 
20,000 inaudible. Still more recently, after some extended objective 
experimentation with a Galton whistle of the Hawksley pattern, Dr, 
Charles Myers^® concluded, at least so far as the Hawksley whistle 
goes, that tones above 24,000 double vibrations to the second can not 
be made of such an intensity as to be audible, nor indeed measured 
by any known means. 

It is scarcely necessary to enter into a detailed discussion of the 
factors responsible for such wide discrepancies in results as these 
shown between instrument makers on the one hand and scientific 
investigators on the other. A review of the literature relating to this 
work, notwithstanding, forces the conviction, that the variations 
are due to instrumental differences almost wholly— being complicated 
by the failure to allow for the physical and physiological factors 
involved in the tests conducted. Much of the early work suffers 
from ineflBcient methods of arriving at the vibration frequencies of 
the tones that have been employed in making the physiological meas- 
urements. A great deal of the later work on the upper limit of hear- 
ing is of the same character. If we add to this difficulty the fact 
that the physiological value of tones for the ear has been ignored, 
it is not improbable that most of the differences would be accounted 
for. In keeping with this conviction are the recent investigations of 
Wien and Zwaardemaker. 

Wien^^ and Zwaardemaker and Quix^^ have shown that the ear is 
most sensitive to tones whose pitches are of the middle values, those 
lying roughly within the range covered by conversational speech 
(400 D. V. to 4000 D. V.). Both above and below these values, 
the ear's sensitivity is found to diminish rapidly. Indeed, as early 

''Verhandl. d. Naturforsch. Geselhch,, Basel, 12: (1900) ; Arch, f, Ohrenhk. 
48: 1. 1900. 

^AnnaX. d. Phys. 2: 469. 1900; Ztschr. f. Ohrenhk, 86: 330. 1900. 

•Annal. d. Phya. t*. Chem. N. F. 61: 760-79. 1897. 

«»"The Pitch of Galton Whistles," J, of Physiol 28: 417. 1902. 

'^PfUiger's Arch. 97: 1. 1903. 

^Arch. f. (Anat. u.) Physiol. {Suppl), 1902, 367-98; also Ztschr. f. 
Psychol., u. 9. 117. 88: 407. 1904. 
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as 1878, Helmholtz (Tonempfindungen) pointed out that the ear's 
range of sensitivity could not be safely divorced from the factor of 
the intensity of the tonal elements, but the importance of this fact, 
as related to the upper and lower thresholds of audition, has until 
recently received little thought. Scripture and Smith^' in review- 
ing the factors involved in the wide variations discovered by those 
who have investigated the ear's range of sensibility again called 
attention to the importance of the intensity factor and suggested 
that perhaps the differences in recorded experimental results might 
be explained on this basis. Some experiments with the Galton 
whistle, in which various degrees of wind pressure were employed 
conviQced them that if the intensity of the stimuli could be made 
suflSciently great, the ear would be found to be sensitive to tones 
whose vibration frequency exceeded 50,000 or even 55,000 D. V. It 
must be confessed, however, that their empirical evidence for such 
a conclusion is not particularly convincing. 

In the light of recent experimental results, it would not be over- 
confident to believe that such wide discrepancies as the figures from 
different observers show would largely disappear were it possible to 
reckon and allow for the two factors just indicated— the physical, 
concerned with graduation and intensity, and the physiological, con- 
cerned with the ear's relative sensitivity. Both of these factors are 
so interrelated in the historical data to be considered, that it is im- 
practical to attempt to separate them.^* This condition comes about 
partially at least because no uniform type of instrument has been 
employed for measuring the upper threshold of hearing. Appunn,^' 
Preyer,^' and Koenig*^ used small tuning forks in which the instru- 
ments themselves possess certain physical limitations confining the 
possible intensities of the tones to veryi narrow limits. Koenig's 
''rods" possess the same deficiency. It appears that all of these in- 
struments uniformly were assigned tonal values altogether too high* 

" See " Highest Audible Tones/' Studies from the Psychological Laboratory 
of Yale University, 1894, p. 106. 

^*To Schwendt particularly do we owe a method for evaluating the vibra- 
tion frequencies of tones, which is wholly independent of the experimenter's 
auditory sensitivity. As Schwendt remarks, it is a method that may be 
employed equally well by a person wholly devoid of hearing, and consequently 
eliminates so far as such a thing is possible, the element of the personal equa- 
tion. The method consists of an adaptation of the Kundt dust ^ures to tubes 
of small bore and sound waves of extremely small extension. See Annal, d, 
Phys. u. Chem. N. F. 61: 760-69. 1897. 

"* Annal. d. PhyHk u, Chem. 64: 409. 1898. 

'^Pfluger's Arch. 71: 441. 1898; Wiedemann's Annal. 51: 683. 1894; 52: 
238. 1894. 

''PflUger's Arch. 75: 346. 1899. 
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Melde,^' who put to experimental test the pitch values assigned to the 
tuning forks used in Preyer and Appunn's experiments, entirely dis- 
credited them. His results were later confirmed by Schwendt.^^ 
The Appunn fork marked (g®) 50,000 (double vibrations) was 
found to have a vibration rate of only 13,157 D. V. The pitches of 
the remaining forks of the series were overstated to about the same 
degree. 

What has just been said of the tuning forks applied with equal 
force to the sounding rods of Konig. His highest pitched rod, ac- 
cording to the optographic measurements of Melde, gave a tone of 
(P) 21,845 D. v., although Konig had assigned to the same rod a 
value of 40,000 D. V. Much of the error, no doubt, arose on account 
of the method used for sussigning the pitch values to the different 
forks and rods. Preyer, Konig and Appunn believed that forks 
could be graduated with sufficient accuracy for ordinary scientific 
purposes, with the unaided ear. According to Preyer,^® practised 
musicians can distinguish with certainty a difference in pitch 
amounting to one-half a vibration between the limits of **C" and 
*'c*.'' Were it i)ossible for practised observers to discriminate tonal 
differences as accurately for all parts of the hearing scale, the gradu- 
ation of instruments for measuring the upper limit of hearing might 
well be made by some such subjective method as these investigators 
employed. But the perception of interval is extremely deficient for 
tones above **c'," as the experiments of Konig^® with sounding rods 
and those of Preyer^* with tuning forks have pointed out. With 
tones in the sixth octave an interval of a fifth is scarcely observable, 
while for tones in the seventh octave and above an interval of an 
octave passes unnoticed even by musical ears. As Schwendt has 
well remarked, it is not improbable that the production of audible 
tones of a pitch exceeding 25,000 vibrations to the second, with a 
tuning fork or rod is a physical impossibility owing to the extreme 
weakness of tones coming from such sources. Where the forks are 
made as small as those must be to give a tone above 25,000, the 
energy given out is much diminished. Schwendt further pointed 
out that, even were their production possible, no known means exists 
for determining the vibration rate. The methods in use for de- 
termining the vibration frequencies of tones are wholly inapplicable 
to tones of so small energy value as these. Indeed, Schwendt found 
the resonance method inapplicable for the forks and rods of a vibra- 
tion frequency exceeding 15,000. 

""On the Limits of the Perception of Tone" (trans.), Proo. Musical 
A8»n. 1896-7, pp. 1-32. 

"Hehnholtz, " Tonempfindungen " (4th ed.), p. 147. 
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By far the most common device for measuring the upper limit of 
hearing has been some form of the Galton Whistle. This type of 
threshold-whistle-,*® devised by Sir Francis Galton, is eonstnicted on 
the model of the closed organ pipe, with vibrating lip and resonance 
cavity. In a closed organ pipe, Helmholtz and also Lord Rayleigh** 
found that theoretically, at least, the vibration frequency is a definite 
function of the length of the resonance cavity. Knowing the 
velocity of sound in air at the temperature prevailing ''y«'' the 
length of the resonance cavity ^'L/' the vibration frequency "i\r'' in 
double vibrations may be computed directly from the formula 

In point of fact this theoretical formula is not wholly valid 
even for closed pipes of relatively large dimensions as has been 
experimentally demonstrated by Savart,** Liscovius and Wertheim** 
and others and, indeed, the formula has been shown to be wholly 
inapplicable to pipes of small bore.** DiflPerences in the pressure 
of air blast employed, the ratio between the length and width of the 
resonance cavity, the dimensions and shape of the mouth slit, together 
with the materials of which the whistles are made, all have been 
proven to be extremely important factors in determining the pitch 
of Galton whistles as well as all other closed pipes of this variety. 

As the diameter of the resonance cavity increases, the tone 
deepens but, on the other hand, the pitch becomes more acute as 
the wind pressure becomes greater. Such considerations make im- 
possible any mathematical formula generally applicable to threshold 
pipes. It has been found, moreover, that no matter how painstaking 
and skilful the construction in the attempt to duplicate a threshold 
whistle differences are certain to result, which make it necessary to 
graduate objectively each whistle independently. 

In the experiments of Stumpf and M. Meyer,*** in which Galton 
whistles were used, the graduations were also made subjectively. 
These investigators depended on the observation of difference tones. 
By blowing two whistles, whose pitches differed by about 2000 
double vibrations to the second, simultaneously, a difference tone 
resulted whose pitch these investigators believed they could place 

•'This whistle is described in Galton's *' Inquiries into Human Faculty," 
p. 38. 

''Phil Mag. 2»: 344. 1879. 

"WtiUner's "Experimental Physik," Bd. 2, p. 324. 

» Op, cit. Bd. 1, p. 886. 

*• Vid. Myers, J. of Physiol 28: 417. 1902. 

'^Annal d. Phya. u, Chem. 61: 760-79. 1897. 
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accurately by ear. Then, by increasing the pitch of each whistle 
alternately, graduations were made until the point was reached 
where the tones faded entirely. A similar method was pursued with 
the Konig tuning forks and the sounding rods. 

Certain serious criticisms, however, have been offered against the 
method. In the first place, difference tones are diflBcult to recog- 
nize at all times and one is never quite certain whether the difference 
tone is the difference between the vibration frequencies of the 
fundamentals of the two tones employed or of their octaves, or, per- 
haps, of the second upper partials. It depends altogether upon 
the relative intensities of the various components, factors indeed, of 
which we are never quite certain in the production of very acute 
tones. Helmholtz^' observes that while the method of ditference 
tones is possible with pitches whose vibration frequencies fall below 
10,000, for values higher than this the method is extremely uncer- 
tain. In point of fact when Stumpf and Meyer's graduations were 
put to experimental test they were shown to be not at aU reliable. 
Employing a resonance method for evaluating the pitches of the 
instruments used by these investigators, Melde^^ found that the 
graduations were not accurate to within 10,000 double vibrations for 
the shriller tones— those of f^ and above. 

There has been on the market, during recent years, an improved 
form of threshold whistle devised by T. L. Edelmann.^® It is 
asserted that this instrument overcomes the objections put against 
the older Galton form. Edelmann believes that with his whistle 
tones of 110,000 D. V. can easily be produced and the vibration fre- 
quencies fixed; tones, to.be sure, which are far too high for any ear 
to sense. The mechanism of the whistle is such as to consume con- 
siderably more energy in its operation than the ordinary Galton 
type and it likewise gives out a tone whose intensity is many times 
in excess of that given out by the Galton whistle. Zwaardemaker 
and Quix^® discovered that the upper threshold of hearing might 
be raised a major third by increasing the intensity of the tone 1,000 
times, and Wien thinks that it may be raised at least a fuU octave 
if the intensity can be increased 10,000 times.'® 

* " Tonempfindungen '* (4th ed.), p. 203. 

''tJber die verschiedenen Methoden der Bestimmung der Schwingungs- 
zahlen sehr h«hen T9ne, Annal d. Phya. u, Chem, 67: 781-93. 1899. 

"This whistle, together with the methods for its graduation, is fully 
described by the inventor in an article in Annal. d, Physik (N. S.) 4: 469-82. 
1900. 

'^Ztachr. f, Psychol,, u. s. w., 83: 407. 1904. 

^Pflu^er'B Arch. 97: 1. 1903. 
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Theie conclnsicMis ecmfinn the ecmTietkm of Seriplure and Smitli, 
referred to above.^ Exactly in the aame direction point some of 
the experiments of Dr. Chaa. Myen, in which an Edelmann whistle 
with different degrees of wind blast was nsed. His s tat/ pment of 
the facts is so convincing that I qnoie his own wofds: ''When the 
wind pressure was 30-35 mm. of water, a very faint quivering note 
was beard. The note rose gradnaUy until a wind preasure of 140 
mm. of water was reached when the tone disappeared. Increasing 
the preasure 100 mm. the tone was again audible, and, at a wind 
pressure of 800 mm. of water, the tone was at least an octave 
higher." With a pipe length of 1.3 mm. and mouth width of 0.75 
mm., employing the Schwendt dust figures fcM* evaluating the pitch 
numbers, Ifeyers got the following significant figures: When the 
wind blast, measured by water pressure was 36 mm., the vibration 
frequency was 5,673. 

With a water pressure of 109 mm. the vihraticm frequency was 10,942 
With a water pressure of 680 mm. the vibration frequency was 23,315 
With a water pressure of 800 mm. the vibration frequency was 28,332 

The last figure exactly corresponds to that givai, lot the same ad- 
justments, in the chart which the makers sent with the Edelmann 
whistle used in the experiments to be detailed in this writing. This 
tone and many much higher were easily heard not only by myself, 
but also by a majority of my adult subjects. There is no question 
but that the fundamental objection to the Galton whistle used by 
Zwaardemaker, Stumpf, Dr. Chas. Myers and others, as well as to 
the tuning forks and sounding rods, lies in this, that the tones pro- 
duced are too feeble, not only to cause a disturbance of the 
lycopodium powder in the dust tubes, but also to reach the physio- 
logical threshold of the auditory end organs for tones of the upper 
pitches. 

So much for the literature referring specifically to the physics 
and physiological factors of the problem. Now, let us look for such 
sensory differences as have been discovered. 

In the light of the sources of error mentioned above, the sensory 
data thus far collected are almost hopelessly bemuddled. 

Zwaardemaker,*^ perhaps, has collected more data of individual 
and age differences as regards the upper limit of hearing than any 
one else, but his results are not even comparable among themselves. 
In some of his experiments, a form of the Galton whistle was em- 
ployed, graduated by the Stumpf-Meyer method. In still other of 

" Loo, Mt., p. 108. 

"Annal d. Phya, u. Chem. (N. F.) 61: 760-79. 1897. 
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his experimeDta, the pitch valuet of the different whittle lengths 
were fixed by comparing the tones given oat with those of the 
Konig rods or the Konig toning forks. The ontrustworthiness of 
both of these methods of making graduations has been pointed out 
sboTe. Zwaardemaker*s ''e*/' a tone which many of his subjects 
heard distinctly was found** to be wholly fictitious. 

Regarding the upper limit of hearing of whites, the literature is 
not at all scant But even were it possible to separate out the 
data in which the instrumental defects have been least prominenti 
it would still be difficult to draw comparisons. Without ezoeption, 
the distrbution of cases has been omitted in the data presented. 
Most of the work on the upper range of hearing has been carried on 
for the purpose of determining age differences. It has been pretty 
well established that the upper limit of hearing contracts with 
increaaing years of life. Zwaardemaker,*^ Cuperius,*^ Alderton,** 
Myers,** and others have contributed rather convincing data on 
this phase of the problem. 

The results obtained are so significant as to justify the inclusion 
of tables summarizing them : 





Zwoardemakm* 


CuperiuM^ 


A§m 


WhM9hmgtk 


ni«li 


WkkUtliMfU 


Pti«k 


Uodcr lOjrrm. 


IM mm. 


•' 






lo-so - 


1.3S - 


dU« 


1.08 mm. 


r 


SO-SO - 


1^ - 


•4 


1.19 - 


e 


30-40 •• 


IM " 


M 


1.31 - 


•» 


¥)-50 - 


2.23 •• 


eU« 


1.39 - 


di«« 


50-eo " 


2,S3 - 


h* 


2.08 - 


ei$^ 


Or«r 60 •* 


3.03 - 


dc" 


3.02 " 


d^ 



Alderton reporta as follows the examination of 500 individuals 
with the Oaton whistle: 

For children up to 12 ymr*— pipe length on the average . . 1.24 mm. 
For adalt»— pipe length on the average 3.03 mm. 

Dr. Charles Myers's** tests of Scotch children point in the same 
direction. 

The Vpptr Limit of AudibHiiy among Pritmiiive Races.^Qo far 
as I have been able to discover, no measurements of this chsracter 
aave those of Myers and my own herein reported, have ever been 

'Mjera, op. eii. 

''Arrk, f. Okr^nkk. SS: S4. 1893; Zi9ekr. f. PtpckoL 7: 11. 1894. 
•ilrdb. of Ofolo^, SS: 71. ISM; SS: 43. 1896. 

* Report of the Camhridge Aathropologkal Expedition to Tome Strmita, 
VoL 2. 1903. 

^Zlmkr. /. P9pek0l. 7: 10. 1894. 
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made. In their work on the upper limit of hearing of the native 
Papuans of the Murray Islands, Rivers and Myers** used the 
Hawksley pattern of the Galton whistle. This was an instrument 
with an extremely small bore, such as to make it possible to produce 
very high pitched tones. Dr. Myers, who reports the hearing tests, 
was inclined to put little faith in the graduations of his instrument, 
a task which was performed after he had returned to England, so 
the data relative to sensory differences are given in terms of the 
length of the cavity of the whistle.*® His results are presented so 
as to show at the same time race and age differences. I summarize 
them in the following table : 



Murray Islanders 

No. Age 
Children 2 6-9 yrs. 


Whistle 
Length 

2.25 mm. 


15 10-15 " 


2.07 " 


Adults 5 lfr-19 " 


2.25 " 


9 20-29 " 


3.00 " 


12 30-39 " 


3.17 ** 


9 40-49 " 


3.53 " 


10 Over 50 " 


4.68 " 



Aberdeenshire Folk 

WhiBtte 
No. Age Length 

Children 4 5-9 yrs. 1.97 mm. 
18 10-16 " 1.99 " 

Adults 

20-29 " 2.22 " 
30-39 " 2.63 •' 
40-49 " 3.19 " 



Over 50 " 



3.77 



It appears from this table that for all ages the upper threshold 
of hearing of the Papuans is lower than for Scottish people of cor- 
responding years. It is a conclusion that is significant, notwith- 
standing that the numbers tested for the several ages were small. 
More of this, however, in connection with the discussion of my own 
figures. 

"Dr. Myers employed a number of methods in making the graduations of 
tonal values corresponding to the different cavity lengths in the tests. Chief 
of these are the resonance method and optographic method. See J. of Physiol, 
24: 417. 1902. 



CHAPTER III 

The Instrument and Its Graduation 

I KMniOTB), for meaauriDcr the upper range of audibility, the 
Edelmann modification of the Oalton whistle. It ia probably too 
commonly known to require description.^ It differs from the 
familiar Oalton form, in beingr modeled after the pattern of the 
steam whistle instead of the closed organ pipe. In the opinion of 
Edelmann, this improved pattern possesses some marked advantages 
over the old form. In the first place, the different parta are con- 
structed separately, allowing of finer work. The whistle cavi^ 
itsdf is a perfect cylinder, which makes it possible to turn it out 
very delicately on a lathe. Then, the whistle possesses a means 
whereby the width of the lip opening may be varied, so as to allow 
for the large quantity of air that must psss through it in producing 
low pitched tones, and still avoid the air puff with extremely shrill 
tones. In measurements with the Galton whistle this air puff, which 
accompanies very high tones, is extremely confusing especially to 
untrained subjects. Not infrequently a subject states that he is not 
certain whether he hears a tone or wind only. Dr. Myers* observes 
in connection with his work on the native Papuans in which the 
older Galton type of instrument was employed, that there was con- 
slant confusion between the perception of the sound and that of the 
air puff, which always accompanied it While I do not think that 
this difficulty is entirely obviated by making the mouth width of the 
whistle adjustable, as in the Edelmann pattern, yet there ia no ques- 
tion but that the Edelmann whistle is superior in this respect to the 
old Galton form. In my own experiments, I bad never observed 
that any subject found difficulty in distinguishing between the ae- 
eompanying air puff and the tone and, indeed, when the whistle was 
80 far as 25 centimeters from the ear, almost no air puff was ever 
audible. 

*rhom sol fsmUlsr with tlM isstnuncBt, I reftr to Um iawtor't (Pro- 
Immt Edtlsuimi't) sUs dMcripikm ssd osreful drswij^ to bs fotmd ia the 
Ammmlm 4mr Pkptik for ISOO. 4 Folg^ Bd. % 8. 4m. TImw sbo trnfiwOUar 
wHli tbs QaIUhi wbictk msj aad s dmeriptim ot tlUs iastnuncnt in Osltoa's 
""iMIsiriM into tbs HoBsa FsetUtj," 18SS, p, 176. 

'O^ cil.t p. 4. 

tl 
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The manufacturers send out with each Edehnann* whistle a 
chart giving the pipe length, the mouth width, and the vibration 
frequency corresponding to each of some twenty diflferent tones, 
ranging in pitch from that represented by a vibration rate of 6,000 
to that represented by a rate of 50,000 double vibrations to the 
second. It is claimed that each whistle has been graduated inde- 
pendently and empirically at the factory, and that, for each tone, 
that mouth width was selected by trial and practise which would 
produce a note of optimum purity and strength. 

In the chart sent out with the whistle which fell into my hands, 
it appeared that the graduations for those tones lying between e* 
and e^ had been made with a uniform mouth width of 0.75 mm. 
With the whistle so adjusted, those tones lying in the region of e* 
were pure, clear and free from that peculiar harshness which results 
when a considerable quantity of air escapes with the tones. The 
contrary, however, was true when the whistle cavity was diminished 
for the production of tones in the region of e*. These latter tones 
were decidedly harsh. This harshness was obviously due to the 
accompaniment of air puflfs, which escaped with the tones. They 
stood out so prominently as to confuse even the most careful subjects, 
and must have proven a very distracting element to children, and 
especially to the primitive peoples. It therefore seemed advisable 
to vary the adjustment from that prescribed in the chart sent out 
with the instrument even if it would necessitate an entire re-gradua- 
tion. 

After careful experimentation with the assistance of Professor 
Woodworth, a mouth width was hit upon which give admirable 
results for all tones from e" upwards. Indeed, so free was the tone 
from wind blasts, that when the threshold range was passed, no audi- 
tory stimuli of any character were sensed as coming from the 
whistle. This mouth width was 0.55 mm. It chanced, however, that 
the resulting tone was predominantly the first overtone instead of 
the fundamental, but, since the fundamental tone was inaudible 
except for vibration rates between ten and fifteen thousand, it was 
thought not to be a particularly disturbing factor. All the meas- 
urementa at the Exposition, consequently, except those where the 
upper limit was found to be extremely low, were made with a con- 
stant mouth width of 0.55 mm. This, to be sure, rendered the 
table which accompanied the whistle entirely worthless. A wholly 
new set of graduations must be made to meet the new conditions. 

'The Edelmann whistle used in my tests was kindly loaned to me by the 
C. H. Stoelting Co., 38 W. Randolph Street, Chicago, for the double purpose of 
exhibition and experimentation. 



TAB IT^STRUMENT AND ITS GRADUATION 23 

To carry on such an extended series of experiments called for more 
time and more elaborate preparations than it was possible to insti- 
tute at St. Louis. I therefore allowed this work to await my return 
to Columbia University after the Exposition had closed. 

While collecting the data, the measurements were tabulated in 
terms of mouth width and pipe length, from which it was possible 
readily to transcribe them into terms of vibration frequencies, and 
into musical nomenclature when desirable. The graduation of the 
whistle was a diflBcult task. In the work of determining the vibra- 
tion frequencies corresponding to the different pipe lengths em- 
ployed in the actual test, several devices were tried with varying 
degrees of success. It was found especially difficult to devise any 
rotating system of sufficient speed and delicacy to register satis- 
factorily disturbances of a sensitive flame for such rapid vibration 
rates as those from 15,000 to 40,000 D. V. The optical method for 
registering vibrations used in physical laboratories, however, was 
tried for some of the lower pitches, but even here the figures were 
by no means wholly satisfactory, by reason of the inaccuracies in 
determining the speed of the rotating system, the sliding of parts, 
etc., etc. 

The most satisfactory device for making the graduations, because 
the most accurate and objective, proved to be the **dust figure" 
method of Kundt, first adapted to the use of tubes of small bore by 
Schwendt.* The Kundt dust figures are illustrated and described 
in all general texts on acoustics; hence, they require no elaborate 
description in this place. The dust figure method is the one, 
moreover, which is employed at the factory for standardizing the 
Edelmann whistles before they are sent out. The modifications 
which are essential to adapt this method to tones as high as those 
employed for testing the upper limit of audibility are significant as 
to detail and procedure. It is unnecessary to enter here into a 
description of the mode of procedure in anything like a detailed way. 
Something requires to be said, however, with reference to some of 
the difficulties which are encountered. 

One of the first essentials with regard to the dust figure method 
is that the tubes used for resonance chambers shall be of optimum 
dimensions. A series of tubes varying in length and bore are 
consequently necessary to secure satisfactory results. For evalu- 
ating the most acute tones, I drew out some very thin tubes to a 
bore of 2 mm. and a length of 26 mm.— just long enough to allow 
for the formation of five or six half -wave lengths, that is, for five 

*Pfluger'8 Arch. 75: 646. 1899. 
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crests and as many troughs. It is quite essential that a number 
of these artificial wave troughs and crests be formed if the work is to 
be at all delicate, since, in making the actual measurements of the 
length of the several waves, accuracy is enhanced if the span 
covered by several half waves is measured with the aid of calipers 
and the figure thus obtained divided by their number to secure the 
length of a single wave. Tubes with bores of from 6.0 nun. to 10 
mm. and lengths from 100 to 250 mm. were used for tones of the 
sixth and the lower third of the seventh octaves (c'-e^), and still 
larger tubes for the tones of still lower pitch values. Just enough 
of the lycopodium powder, which had been previously carefully 
dried, to cover the bottom of the tube, was evenly distributed along 
its entire length. The tube was then slightly turned so as to raise 
the powder to one side. This facilitates the formation of dust 
figures, the aerial disturbance within causing the dust to fall, and 
while falling, to collect at the points of rarefaction within the reson- 
ance chamber. 

In making dust figures, it is necessary that the resonance tubes 
be kept free from extraneous vibratory infiuences, else the resulting 
dust figures will be confused and impossible to interpret. To avoid 
jars of all kinds, I had the tubes carefully clamped between large 
pieces of cork, which took up most of the disturbances transmitted 
to them. Then to make as much as possible of the sound energy- 
leaving the whistle enter the tubes, the whistle mouth was brought 
as close to the mouth of the resonance tube as possible, and, to 
further facilitate the movement of air, the ends of the tubes adjacent 
to the source of sound were flared into a funnel form whose widest 
diameter was about 15 nun. When everything proceeded favorably, 
satisfactory dust figures generally resulted in from ten to fifteen 
minutes, but failures and disasters were frequent. Indeed, much 
patience and repetition were required to secure perfectly reliable 
results, frequently as many as six or seven trials being necessary to 
get anything like a satisfactory measurement. It was essential that 
each graduation be the average of as many determinations as pos- 
sible to eliminate chance results. My data, in every instance, are the 
average of five or more determinations. 

Let us assume that the dust figures have formed in the resonance 
tube. Knowing the distance between two adjacent wave crests, it is 
a simple matter to compute the vibration frequency of the tone that 
gave rise to the dust figures. The result is accomplished directly by 
a simple formula, 

^ 2L 
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where ^^N'' represents the vibration frequency, '^Va'' the velocity 
of sound in air at the temperature prevailing at the time the meas- 
urement is made, and ^^L^' represents one half wave-length, or the 
distance encompassed by two adjacent wave crests. The ^^Va" 
implies a temperature correction. At 0° Centigrade, under ordinary 
barometric pressures for this latitude, sound has a velocity of 
330.7 M. per second. To secure the corrected value of '^Va'' for 
any given temperature, I used the well-known formula of Kayser 
and Kirchoflf,*^ 

Va = 330.7 V 1 + 0.00376 *• 

During the summer of 1904, within doors on the shady side of a 
building the temperature varied (according to the United States 
Weather Bureau reports'), between 17** and 37° C. Our hearing 
tests, however, were made in a basement where the prevailing 
temperature was lower, and unfortunately we have no record of 
this during this period. Still the difference between this and the 
above, I think, does not amount to a figure to be significant. My 
corrections were made on the basis of the Weather Bureau statistics.' 

In the sound-proof room of the Psychological Laboratory of 
Columbia University where the work of graduation was done, the 
temperature remained quite uniformly at 22.2° C, making the 
velocity of sound approximately 344 M. per second. 

Temperature variations can not well be neglected in making 
tests for the upper limit of hearing with such a device as the Edel- 
mann whistle, if results be sought which aim to be more than ap- 
proximately correct. Taking the lower and upper extremes of 
temperature, during the days that my hearing measures were made, 
and making the necessary corrections, a whistle cavity length of 
1.3 mm. and mouth width of 0.55 mm. would give a vibration fre- 
quency of 40,840 D. V. and 42,054 D. V. respectively. This varia- 
tion is certainly sufficient to be quite significant, especially in view 
of the fact that tests on the different peoples were made during 
different seasonal conditions. With r^ard to most of the data 
relating to the Filipinos, the correction was especially necessary, 
because the season had so far advanced when these people were 
measured that the rooms had to be heated artificially, and the 
temperature, which was almost uniformly 22° C. differed markedly 

■See Wiillner's "Experimental Physik" (1894), 1: 931. 

*I was able to secure from the office of the U. S. Weather Bureau at 
8t. Louis temperature and humidity readings taken at each hour of the day, 
for a period covering that included by the taking of the hearing records. From 
these figures I calculated the true value of " Va " for each hearing record made. 
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from that prevailing during the hot summer weather when the data 
on Indians and whites was collected. 

Conditions at the Exposition made it necessary to employ a wind 
blast supplied from the hand bulb, which accompanies the whistle. 
Some such constant pressure device as that of Whipple^ was con- 
templated, but there was so much delay occasioned by the failure 
of the apparatus to arrive and the general equipment of the labora- 
tory to be provided, that many of the tests of the upper range of 
hearing were made before such an equipment might have been in- 
stalled. Consequently, to keep the conditions under which the tests 
were conducted as nearly uniform as possible, the hand bulb method 
of blowing the whistle was permanently adhered to. Edelmann 
holds that with a whistle of the type I used, the pitch of the tone is 
only slightly dependent on the wind pressure employed.* This 
statement, however, can be only partially true, and indeed is ap- 
plicable only to a certain range of variation about the optimum wind 
blast for blowing it. 

To investigate the influence of a variable wind blast to some 
extent, I improvised a wind pressure device which allowed of dif- 
ferences in the force of the blast. An ordinary wet spirometer, 
found in the Columbia University Psychological Laboratory, was 
weighted to the required wind pressure by loading it with slugs of 
iron ; then, with an ordinary foot bellows, the quantity of air in this 
reservoir was kept constant. As in all such experiments, a water 
manometer or U-tube, was inserted in the lead as close to the whistle 
as convenient to measure the pressure of the air blast passing into 
the whistle. But before allowing the air to pass through the 
whistle, it was made to flow through a drying device ; a bottle filled 
with the crystals of calcium chloride, by which the moisture was, 
so far as possible, removed inasmuch as moisture in the air tends to 
interfere seriously with the formation of the lycopodium dust figures 
in the resonance chambers. 

The cavity length of the whistle being 1.3 mm. and mouth width 
0.55 mm., with a constant wind pressure indicated by 40 mm. of 
water in the U-tube, the resulting tone was too faint and weak to 
produce satisfactory dust figures. It sounded of uncertain pitch 
and was by no means pure. 

When the wind blast showed 100 mm. of water in the U-tube, the 
tone was clear but observably lower than when the whistle was 
blown by the rubber bulb. With the wind pressure increased to 
500 mm. of water, the tone came forth clear and piercing. My 

'"A Compressed Air Device, etc.," Amer. J. of Psychol. 14: 107. 1903. 

^Annalen d. Phyaik, 4 Folge, 11. 1900. 
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subjective judgment was that the pitch was the same as that pro- 
duced by the use of the bulb. 

The table below shows the result, in terms of wave lengths and 
vibration frequencies, for a number of different wind pressures 
employed: 

Wind Pressure : Wave Lengths in mm. Pitch Values 

mm. of water Ayerage of 5 determinations D. V. 

40 A faint tone — ^too weak to produce dust figures 

100 16.268 21,330 

500 8.33 41,217 

1,000 8.724 39,460 

Rubber bulb 8.428 40,840 

These averages were obtained from the following individual de- 
terminations : 

Pressure — 100 mm. of Water 
3 crests measured 23 mm. Wave length 15.34 mm. 

2 17 17.00 



2 


19 




19.00 


3 


22 




14.66 


3 


23 




15.34 






Average wave 


length 16.248 mm. 




500 


mm, of Water 




5 crests measured 21 mm. Wave length 8.4 mm. 


4 


15 




7.5 


4 


18 




9.0 


6 


25 




8.34 


5 


21 




8.4 






Average wave length 8.33 mm. 



IfiOO mm. of Water 

4 crests measured 19 mm. Wave length 8.5 mm. 
6 26 8.66 

6 23 7.66 

5 22 8.8 

4 18 9.0 

Average wave length 8.524 mm. 

The Bulb 

5 crests measured 19 mm. Wave length 7.6 mm. 

4 17.5 8.75 

6 25 8.33 
6 26 8.66 

5 22 8.8 

Average wave length 8.428 mm. 

These figures are in general in agreement with those obtained by 
Dr. Charles Myers, in investigating a similar problem with the 
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Galton whistle. It is to be noted, however, that a wind pressure or 
1,000 mm. of water, gave a tone which is actually lower than that 
produced by a wind pressure of 500 mm. of water, a fact which does 
not accord with Dr. Myers V experimental conclusions. His experi- 
ments lead him to believe that the pitch of the whistles increases 
regularly with increase of air blast. The difference in favor of the 
lower wind pressure found by me, I believe, however, is not signifi- 
cant in that I do not think it exceeds the limits of the accuracy of 
the method. It is to be further noted that with the bulb, the 
figures do not differ materially from those with a wind pressure 
of 500 mm. and 1,000 mm. So far as I was able to determine, the 
bulb gives approximately a pressure of 800 mm. of water though 
with a pressure of so short duration it is difficult to evaluate ac- 
curately the total force given out, with the means at my command. 

Inasmuch as in all my investigations the bulb supplied the wind 
blast, it is the graduations in which the same source of wind pressure 
was used that concern us chiefly. Indeed, for this reason, in all 
of the work of standardizing the instrument, from which the tables 
to follow were made, the rubber bulb alone was employed. When 
using the hand bulb in the making of the graduations, an effort 
was made to reproduce as nearly as possible the conditions as they 
obtained in taking the original hearing records. That the condi- 
tions were more than approximately reproduced and, moreover, 
that with the use of the bulb, fairly constant conditions can be 
maintained from day to day, is borne out by the rather uniform 
character of the data secured. Were one unable to give relatively 
constant and uniform blasts to the whistle in blowing it with the 
hand bulb, some marked differences in the vibration frequencies of 
the tones produced would result, and would show in the dust figures. 
It is significant that such was not found to be the case, and that 
no greater differences in the character of the dust disturbances were 
experienced when the hand bulb supplied the air than when the air 
came from a uniform and constant pressure source, as is shown in 
the foregoing tables. To illustrate this point, I shall present some 
typical measurements in which the hand bulb was employed. As 
too much space would be required to present the individual measure- 
ments for the graduations of the whole series of whistle lengths used 
in the original tests, I will content myself with two samples selected 
at random. 

In the following series, the length of the whistle bore measured 
1.5 mm., the mouth width being 0.55 mm. : 

•"The Pitches of Galton Whistles," J. of Physiol 28: 417. 1902. 
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t crwU BiMtfured 9^ mm. Wmve length 0^ mm. 

12 57.1 9.52 

12 52.81 8.8 

20 87.34 8.73 

14 65.41 9.33 

Avermipe wmve length 9.116 mm. 
Vihimtion frequency 37,560 D. V. 

In the next aeries, the cavity length of the whistle was 2.2 mm., 
the month width remaining the same as in the preceding experiment : 

2 cresU messiired 16.0 mm. Wmve length 10.66 mm. 
4 22.3 11.15 

9 44.1 9.08 

6 31.2 10.04 

3 15.4 10.26 

Artrmgt wmve length 10.45 mm. 
Vihimtion frequency 30,270 D. V. 

These two sets of measurements are in every way typical of all 
that were made and indicate about the same degree of variation 
between the individual determinations as was experienced on the 
average. The same procedure, as in these samples, was followed for 
every whistle length employed in the original measurements. The 
aeoompanying table gives the vibration frequencies corresponding 
to each whistle length as empirically determined by aid of the 
Kundt-Schwendt resonance method. 

In this table the distance between the lips of the whistle remained 
uniformly at 0.55 mm. The average wave-length of the several 
determinations has been omitted in each case since it would afford 
no information vital to an interpretation of the figures presented : 
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27,448 
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26.854 
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2.8 


26,264 


1.6 


36,360 


2.9 


25.724 


1.7 


35,100 


3.0 


25^12 


1.8 


34,000 


3.1 


24.754 


1.9 


33,060 


3.2 


24.196 


2.0 


32,180 


3.3 


23.020 


2.1 


31,170 


3.6 


22,217 


2J 


30,270 


3.8 


20.973 


2J 


29M8 


4.0 


18,490 


2.4 


28,766 







CHAPTER IV 

Data Collected on the Upper Liimit 

During the earlier months of the Exposition, while we were 
getting our bearings, equipping our laboratories, and installing our 
apparatus which was somewhat tardy in arriving, we spent our time 
amusing the public and, incidentally accumulating data on some 
few tests. For the most part we limited ourselves to a single test 
and measured as many individuals as we could in this one particular 
only. In conseciuence, I was enabled to secure considerable material 
relating to the upper threshold of hearing. Unfortunately these 
data had to be secured under somewhat unfavorable conditions, in 
that the test was always made in the presence of a crowd. The 
sound room had then not yet been completed and there were many 
distracting noises that might have tended to distort the results to 
some extent. On the whole, notwithstanding, I believe the data 
satisfactory, since a comparison of this material with some secured 
on whites in the sound room showed no significant differences. 

The individuals were tested one at a time. The Edelmann 
whistle was held twelve inches from the subject's ear and blown; 
the other ear meanwhile being closed by pressing the tip of the 
finger into the auditory meatus. At first the pipe was so adjusted 
that a tone resulted whose pitch was so low as to be easily sensed 
by all ears. The pitch was then gradually raised until a point was 
reached where the tone was no longer audible. A reading was then 
taken and recorded for the last audible sound. Beginning with an 
inaudible tone, the pitch was now lowered until it could again just 
be sensed and this whistle length recorded. The average of the two 
tabulations, if a difference existed— and there usually did— was 
taken as the measure of the upper limit of the person tested. Each 
ear was tested. Almost without exception, the right ear was the 
one first examined. 

In the measures on primitive peoples, the procedure was in all 
respects essentially the same as just outlined, except that the tests 
were made within a specially constructed booth.^ Although this 

*Thi8 booth was constructed in one comer of a room of our suite, which 
had been closed to the public, being set apart by us for making such measure- 
ments as required privacy. The dimensions of the booth were approximately 
six by nine feet, and seven feet in height. On two sides the heavy stone and 

80 
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room waa not completely aound-proof, it did exclude extraneoui 
Doi«e« sufficiently well to keep the subject free from dittractiona. 
To contribute still further to thia same end, the person tested waa 
kept in the dark and his back turned to the experimenter, in order, 
ao far as possible, to exclude visual stimuli and allow the subject's 
mind to concentrate wholly uptm the auditory sensations presented 
to him. Moreover, the subject was seatecl in a chair, in aa com- 
fortable a position as possible. In other words, I attempted to make 
the external conditions as suitable as could conveniently be done for 
aensiuK the auditory stimuli and consequently securing? the most 
nearly normal resulta. 

By way of cheek, a record was made of my own hearing? im- 
mediately following? that of each individual tested. Conditions made 
it necessary for me to make personally the test of my own hearinpr. 
Still I do not think that the source of error arisinf^ from thia method 
is really siirnificant. Of course, the element of expectancy was some- 
thiuK of a factor so that there mifpht have entered into the experi- 
menta auditory imaires which it were easily possible to confuse and 
mistake for the stimulus at a time when it was really inaudible. I 
have, however, practically no auditory imagery, at least, I have never 
been able to olMierve any in myself, so it is scarcely possible that 
images of sufficient intensity to be confused with even faint stimuli 
abould have arisen under the circumstances just notcnl. In any 
event, the factors concemeil with the personal test did not vary from 
day to day or from hour to hour, and hence are not significant on 
the whole. In this connection may be mentioned the need for this 
check, discovered during the time the tests were being made. It 
frequently occurrwl that the whistle became partially clogge<l with 
bits of rubber, or other matter coming from the inside of the rubber 
bulb. This clogging had the effect of lowering the pitch of the 
upper tones from a fifth to an octave, although otherwise no ap- 
parent change in the character of the tones resulted, so that had it 
not been for the personal check-test, the subject would hsve received 
an unfairly high rating. 

Krick wmlU of the building lenred to exclude the most penetratiiia toundt. 
Altboogh the remaininic sidet were of wood, the wmlU were double, the tfMce 
ol About four inehen between the two being fllled with Mwdust. Sawdust to 
tW depth of ftiK to eight inches aluo covered the roof while the whole booth 
f ss t td in n bnth of sawdust in order to exclude anj sounds which mii^ht ba 
aoadttffted into it through the cement floors of the building. Kntraace was mada 
tliftNigh a single padded door, and the sole illumination came from an incan- 
st eiertric bulb which was suspended orer the apparatus. The arrange- 
■t waa soeli as to exclude extraneous sounds entirely for all practical 
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It la unnecessary to name all the factors and considerations which 
entered vitally into the making of the tests, but there is still one 
which requires to be mentioned. This relates to the ear's suscepti- 
bility to fatigue. Observers are unanimous in their experience with 
respect to this point. Professor Seashore* has remarked in con- 
nection with his audiometer that to be satisfactory for testing chil- 
dren, owing to the presence of fatigue, a device must be employed 
which will make it possible to complete the test in not to exceed 
two minutes. Especially with subjects who are unaccustomed to 
making introspective observations, it is found that tones die out 
and are inaudible long before threshold values are reached. Par- 
ticularly is this true where continuous tone devices are employed in 
making auditory measurements such, for example, as the tuning 
fork, the sounding rod, or the Galton or Edelmann whistle, blown 
by some constant and continued air supplying device. For this 
very reason such devices and means for testing the range of audi- 
tion are unserviceable. The Edelmann whistle blown by means of 
the bulb with its short, quick sound obviates all this difficulty. It is 
a difficulty, too, which can not be overlooked with safety, especially 
in dealing with children and primitive peoples. 

The Measurements:— We shall now turn directly to the data 
regarding racial differences in the upper limit of hearing. In Table 
I. are presented the figures representing the averages for both the 
right and left ears. In the first column are indicated (1) the num- 
ber of individuals constituting each group examined; and in 
parallel columns; (2) the averages; (3) the average of the devia- 
tions from each average; and (4) the standard deviation, of each 
group. From these data it is possible, without difficulty, to compute 
directly any of the different variability coefficients desired, and in 
consequence, the reliability of each average, and the probability of a 
difference between any two groups. Owing to the fact that among 
the Filipinos, the Pigmies, Patagonians and Cocopa, there were no 
women tested, the data have not been separated so as to show the 
influence of sex, except that relating to whites. 

In tables II. and III. the individual records are distributed, so 
as to present in parallel columns a picture of the distribution of the 
individuals of each group examined. These tables represent the 
figures for both the right and the left ears. In Table IV. is pre- 
sented a distribution of the cases according to age, for the three 
most numerous groups measured. These again have been placed 
in parallel columns to afford a more ready comparison, and to give 

*Univ, of Iowa Studies, 2: 66. 1899. 
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in pictorial form the relations which the different groups sustain to 
each other in this respect. For the smaller groups, the ages will 
be presented in connection with their discussion. 



TABLE I 

Ufpeb LiMrr of AuDisnjTT 

Racial Differences as Shown hy Averages 





No. 


Right Eu 


Left Eur 




Ayerage 


A.D.» 


an.* 


Ayerage 


A.D.» 


S. D.* 


WhiteB. 


166 

63 

97 

10 

7 

7 

6 

3 


32,286 D. V. 
31,975 " 
29,916 *' 
32,123 " 
28,846 " 
28,269 " 
33,223 " 
30,240 " 


2271 
2190 
1766 
827 
1666 
1209 
2071 
3240 


2344 
2663 
218tf 
977 
1873 
1413 
2468 
3651 


33,087 D. V. 
81,580 " 
29,886 " 
31,794 " 
29,529 " 
27,571 " 
34,081 " 
28,630 ** 


1891 
2460 
1737 
1408 
2946 
819 
3212 
2366 


2482 




3028 


FilipinoB 


2089 


Cocopa 


1666 


Ainii8^-TT--.TT..T. 


3199 


Vancouvers. 

Pigmiei. 


862 
3428 


Patagonians 


2692 



TABLE n 

Right Eab — ^Ufpeb Limit of Heabhtq 

Distribution of Individual Cases 



Vibnttioii 
Frequency 


Length 


Whites 


Indians 

from 

School 


Christian 

FlUpi- 

noB 


Cocopa 
Indians 


Ainu 


Van- 
comyer 
Indians 


Pigmy 


Patagonian 
Indians 


42,960 
40,840 
39,220 
37,660 
36,360 
36,100 
34,000 
33,060 
32,180 
81,170 
30,270 
29,608 
28.766 
28,048 
27,448 
26,864 
26,264 
26,724 
26,212 
24,764 
24,196 
23,020 
22,217 
20,973 
18,490 


L2 
L3 
1.4 
L5 
L6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.4 
3.6 
3.8 
4.0 


1 

3 
8 
9 

10 

15 

18 

26 

20 

18 

6 

6 

7 

3 

3 

2 

1 


1 

6 
6 
4 
6 
6 
12 
8 
3 
6 
3 
1 
1 
1 
1 

1 
1 
1 


'2 

2 

4 

11 

14 

20 

10 

6 

10 

2 

6 

3 

5 

1 


1 
2 
1 
4 

1 
1 


1 
2 
1 

1 
1 

1 


1 
1 
2 

1 


1 

1 

1 
1 
1 

1 


1 

T 
1 



•A. D. — ^Average Deviation. 
*S. D. — Mean Square Deviation. 
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TABLE ni 

Left Eab 

Distribution of Individual Cases 



Vibration 
Frequency 


Whistle 
Length 


Whites 


IndUns 
from 
School 


Christian 

FiUpi- 

nos 


Gocopa 
Indians 


Ainu 


Van- 
couTcr 
Indians 


Pigmy 


Patagonlan 
Indians 


42,960 
40,840 
39,220 
37,560 
36,360 
35,100 
34,000 
33,060 
32,180 
31,170 
30,270 
29,508 
28,766 
28,048 
27,448 
26,854 
26,264 
25,724 
25,212 
24,754 
24,196 
23,020 
22,217 
20,973 
18,490 


L2 
L3 
1.4 
L5 
L6 
L7 
L8 
L9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.4 
3.6 
3.8 
4.0 


"l 
8 
3 
9 

14 

18 
9 

11 
5 
2 
5 
2 


1 
2 
2 
5 
8 
6 
4 

11 
3 

11 

4 
1 
1 
1 
3 

1 

1 


1 

6 

11 

21 

10 

13 

7 

5 

5 

5 

6 

2 

1 


1 

3 

1 
1 

1 


1 
2 

1 
"l 

1 


2 

1 

4 




1 
1 

1 

2 

1 


1 

1 
1 



TABLE IV 

Table Showing the Number of Persons of Each Age of the Thbee Most 
Numerous Groups of People Measured 
Ages 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Whites 6 6 10 8 14 12 14 9 13 11 12 10 19 6 7 

Indians (School) ... 12 11 16 12 4 2211 2 13 

Filipinos 3 1 8 16 20 14 12 7 6 6 2 2 1 

Average age: Whites, 23 years, 5 months; Indians, 19 years, 2 months; 
Filipinos, 21 years, 1 month. 



Reference to Table I. shows that of Whites, the records of 156 
individuals were included in this study. Owing to some rather 
significant changes, that occur in the range of audibility during the 
earlier and later years of life as has been already indicated by the 
studies of Zwaardemaker,*^ Alderton, and others, it was thought 
advisable to include in these data only the records of those in early 
manhood and womanhood, those individuals whose ages ranged 

•See Alderton, Arch, of Otol. 28: 171. 1894; 25: 46. 1896; also Zwaarde- 
maker, ^tschr. f. Psychol. 7: 10. 1894, and Arch. f. Ohrenhk. 82: 53; 85: 299. 
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from sixteen to thirty years. During these years, no very signifi- 
cant changies have been discovered in the respect just indicated. I 
excluded also, not only in case of the whites but also among the 
other races, the record of every individual who had noticed particu- 
larly any diminution in his hearing acuity. Obviously those with 
defective hearing should not be included in any comparative meas- 
ure of the hearing function, since they form a distinct functional 
group or species. 

The average age of the whites was fbund to be 23 years and 
5 months. About one third of them were older than 25 years, while 
one fifth only were younger than 20. The majority, therefore, of 
the Whites used here for comparative purposes were between the 
ages of twenty and twenty-five years— men and women in the 
younger years of adulthood, at a period of life most favorable for 
accurate testing. 

On the average, the results show a slight superiority of the left 
over the right ear, the average for the latter being 33,087 D. V., as 
against 32,285 D. V. for the former. This is in accord with the 
observations of Preyer and Fechner, who observe that the left ear 
is superior to the right in all its functions, due, they believe, to 
the fact that human beings are left brained. In the case of my 
own measurements, however, much may have had to do with the 
order of testing the two ears. During these tests, the right ear was 
almost invariably first tested, so that a mental element arising from 
practise may have been responsible for the superiority of the left 
ear. If instead of the average we take the median as the measure, 
the diflference in result is not changed. . 

The reliability of the averages, which may be directly computed 
from the S. D. given in Table I., is such as to indicate that the 
chances are about ten to one that the true average will not vary 
from the one given by more than 200 vibrations, which in reality, 
is within the range of instrumental accuracy; that is, the true 
average will not be as high as 32,500 vibrations to the second or as 
low as 32,000. 

Reference to tables II. and III. will show that the distributions 
are fairly normal. Exclusion of the records of all individuals who 
had experienced some bearing defect has served to eliminate the 
skewness which might otherwise be looked for at the lower end of 
the curve. 

Indians 

So far as I am aware, no study of the hearing of our American 
Indian has ever been undertaken. There are, to be sure, in the 
literature relating to this interesting race of people, some general ob- 
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servations of a wholly unscientific character which, for the most 
part, attribute to the savage of the American forest and plains, a 
remarkable sensory acuity. The works, for example, of James Feni- 
more Cooper, contain statement after statement, all purporting that 
the Indian has ears that hear so keenly that he is able to detect 
sounds in the forest that are wholly inaudible to the ears of a white 
man most favorably gifted in this respect. And, indeed, whether 
from the popular literature relating to Indians, or from a pre- 
conceived notion that a savage ought to be superior to civilized 
peoples in sensory acuity, the opinion generally prevails that the 
ears of the Indians are very much keener than are those of the 
Whites. No doubt much of this conception arises from the belief in 
what is commonly known as the doctrine of compensation. Accord- 
ing to this view, if one sense or mental function is lacking, in any 
respect, the others are the keener to compensate for the loss. More- 
over, based on the olfactory sense of the dog, the visual acuity of 
the hawk and the superior audition of certain of the felines, there 
has arisen the belief that the senses degenerate under the influences 
of civilization and higher culture. 

The figures relating to the upper limit of the hearing of the vari- 
ous Indian tribes represented at the Model Indian School at the Ex- 
position, are given in tables I., II., III. and IV.* The hearing of 71 
Indians included in this group waa taken; 14 full-blooded males 
and 13 of mixed blood; 4 full-blooded females and 40 of mixed 
blood. Of this number, 8 were younger than sixteen years so that 
data relating to them are not included in the general average. 
Only 6 individuals of the group were older than 25 years (See 
Table IV.) while but 12 of the 63 were older than 20 years. In 
other words, 81 per cent, of all the Indians examined were between 
16 and 20 years old. The average age of the entire group is only 
19 years and 2 months, while that of the Whites with whom they 
are compared is 23 years and 5 months. It is therefore evident 
that, if the upper range of hearing progressively decreases from 
earliest childhood, the Indians are favored in the comparison with 
the Whites. For the right ear, the tone marking the upper threshold 
of hearing of Indians is on the average 31,975 double vibrations to 
the second, with an average deviation amounting to 2,190 vibrations. 
The average for Whites for the same ear was 310 double vibrations 
tiigher. On purely statistical grounds^ one would be justified in 

*For general remarks relating to these Indians more specifically consult 
page 4. 

^In making these computations, the formule commonly used in statistical 
data for measuring the reliability of a difference were anployed. See Thorn- 
dike, ''Mental and Social Measurements/' 1904, p. 139, et seq. 
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mferriiig that Urn dianeea are ahnoBt two to one (exaMy L91 to 1) 
that an actual diflEeicnee exists between the upper limit of hearing 
of Whites and Tndians respeetiTdj. The diff oenee howex^ar is too 
small, considering that nnther group is xery numerous, to point 
strongly in the direeticm of a real differaice. The age &ctor, more- 
oi^r, is of Bosne importance in affecting the data as may be seen when 
we take the records of those individuals only whose ages run frcm 
16 to 20 years— the figures which enccHnpassed the largest number 
of the Indians examined. We hare, then, 51 Indians and 43 Whites. 
When this reduced group is taken, the av^^age upper threshold value 
for Indians, in case of the ri^t ear, is found to diff ^ only slightly 
from that found for the whole group, namdy, 32,080 vibrations. 
On the contrary, the average for the Whites, when thus limited to 
those between 16 and 20 years^ is increased to 33,587 vibrations. On 
statistical grounds^ therefore, the chances are 10 to 1 that the upper 
limit of hearing for Whites is 1,000 vibrations in excess of that 
for Indians, and 400 to 1 that a real difference exists between the 
upper limit of hearing of the two peoples, on the average. Turning 
our attention now to the left ear, the difference between the two 
peoples seons still greater. The left ear too probably gives a figure 
which more nearly represents the actual state of the organs on 
account of the practise which the individual had in the experiment, 
as pointed out above. For this ear, on the average, the Whites hear 
tones of a pitch amounting to 1,500 vibrations higher than do 
Indians. Moreover, the probability of a real difference between the 
two peoples is at least 500 to 1, which, indeed, is extremely high. 
Although the conclusion is not so positive as though a larger number 
of each group had been measured, yet the data point in that 
direction to a degree amounting almost to certainty. Not only do 
Whites hear tones, which are more acute, on the average, than do 
Indians, but a glance at the distributions found in tables II. and 
III. will show that the entire curve for Indians for both ears extends 
lower than that of Whites. The amount of variability likewise ap- 
pears to be greater in the case of Indians. As regards the right 
ear, one white woman only heard a tone higher than any of the 
Indians, and for the left ear, the best Indian did as well as any 
White. 

Again looking at tables II. and III. from another angle, it may 
be observed that the relative inferiority of the range of Indians' 
hearing is not due to a few extreme records, which would have a 
tendency to distort the figure representing the average. As re- 
gards the right ear, the data presented show that 44 out of 67, or 
66 per cent, of the records of Indians fall below the average for 
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Whites, and in case of the left ear, 41 of the 65 records or 63 per 
cent 

Cocopa Indians—Hie 8eri.—0t this tribe, we were able to make 

Ckxx)PA Indians 

Highest Audible Tone 

Kam« Age Bight Ear Left Ear 

Hi 6 32,180 D. V. 30,270 D. V. 

Sldk 14 31,170 " 31,170 " 

Mert 14 33,060 " 34,000 " 

El Puck 16 31,170 " 31,170 " 

Jack 17 33,000 " 31,170 - 

John Roy 18 31,170 " 33,060 " 

Joe 20 34,000 " 34,000 " 

Jerry 40 31,170 " 29,508 " 

Pablo 66 (18,000 " ) (21,420 " ) 

Tom 70 (16,000 " ) 

Average 32,123 " 31,794 " 

S. D 977 " 1,666 " 

measurements of ten males only. On account of the variations in 
age, too, the data are not very suitable for comparative purposes. 
The youngest member of the group was a lad of six years, while 
the oldest had passed the age of three score and ten. All of the 
essential data with reference to these people are presented in detail 
in the table above. The records of the two oldest men have been 
enclosed in parentheses to indicate that they have not been included 
in casting up the averages for the whole. Both Tom and Jerry 
heard even ordinary conversation with difficulty, so that obviously 
their range of hearing could not be taken as normal to the group. 
Excluding, then, these two records, it is seen that the average upper 
limit of audibility of Cocopa Indians for the right and left ears 
respectively is 32,123 and 31,794 vibrations (double) to the second, 
figures which do not differ materially from the averages obtained 
from the more intelligent Indians at the U. S. (Jovemment schools. 
However, considering that only one of the eight individuals whose 
hearing records contribute to the average was older than 20, it is 
probable that the range of hearing of Cocopas in the long run 
would be found to be less than that of the more intelligent Indians; 
but even so, the difference would likely be psychological rather than 
organic. 

Compared with the upper limit of hearing of Whites, the Cocopas 
fall significantly lower. Not only is this true as regards the average 
result, but age for age, the individual records are found to fall 
decidedly below the medians for Whites, as may be seen by com- 
paring the distributions of the groups exhibited in tables II. and 



DATA COLLECTED ON THE UPPER LIMIT 



39 



in. In case of the upper limit of hearing for the right ear, 6 of the 
10 Coeopas stand lower than the median record for Whites and 6 of 
the 9 in case of the left ear. 

Varuxmuer Indians— Kwagtdtls and Nutkem.—Ot Vancouver 
Indians, we tested five males and two females, belonging to two 
local tribes. 



Vancouver Indians — ^Kwagutfls and Nutkens 

Highest Audible Tone 
Name Age Sex Tribe Bight Ear Left Ear 

Bob 40 Male Kwaguitl 26,264 D. V. 26,854 D. V. 

Charley .... 28 " " 28,766 " 28,766 " 

Jasper 27 " Nuiken 28,048 " 26,854 " 

Curley 21 " " 26,264 " 28,048 " 

Atleo 64 " " 30,270 " 28,766 " 

Ellen 35 Female " 29,508 " 26,854 " 

Anna 30 " " 28,766 " 26,854 " 

Average 28,269 " 27,571 " 

S. D 1,413 " 852 " 

With the exception of Atleo— whose hearing record is the best 
of the group— these Indians were all in the prime of life. They are 
Indians, moreover, who have only to a small degree been influenced 
by contact with Whites, inasmuch as their homes are far removed 
from those parts where civilization has made its march. So far as 
the data will permit of generalization, therefore, I believe these 
peoples to be fairly representative of the more intelligent Indian 
of North America, before his organism has become modified by its 
adjustment to the social conditions and habits of the invading 
Caucasians. 

In the case of both ears, the degree of variability among the 
records is fairly small. By reference to the table above, it is seen 
that the range of all the cases is encompassed by less than 4,000 
vibrations to the second; or that part of the musical scale lying 
between gis* and bis", i. e., within the range of less than two whole 
tones. The records for the left ear (exhibited in Table III.) are 
lower, as a whole, but the cUfference between the highest and lowest 
record is still smaller, being only about a semi-tone (1912 D. V.). 

It is, however, worthy of note that not a single record of the 
Vancouver Indians is as high as the average for Whites. In fact,, 
the highest Vancouver Indian record for the right ear is 1,000 D. V. 
lower than the mean for Whites, while the highest for the left ear 
is 3,500 D. V. lower. The numbers are too small to apply statistical 
methods with satisfaction, but there certainly is no question of thft 
evident tendency toward the inferiority of these Indians in hear- 
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ing range, as compared with Whites. The records of the two wom^i 
are poorer than those of any of the men, but additional representa- 
tives of the women might tend to reverse this result. 

Patagoman Indians— The Tekiielche.'—We were able to examine 
only four men of this tribe, the data concerning whom are given 
below in detail. These Indians represent a grade of culture slightly 
lower than that of the Vancouvers just considered; a tent-living 
instead of a house-dwelling people, a nomadic instead of a home- 
building folk. 

Patagonian Indians — The Tehxjelohe 

Highest Audible Tone 

Name Age Bight Ear Left Ear 

Cosimero 24 26,864 D. V. 26,264 D. V. 

Canjo 36 28,766 " 27,444 " 

Senchel 66 Hearing very defective. About 10,000 D. V. 

for both ears. An acuity defect. 

Boni Farci 18 36,100 D. V. 32,180 D. V. 

Average 30,240 " 28,630 " 

S. D 3,551 " 2,592 " 

Only three records were included in the average. The number 
examined is too small to draw any general conclusions. However, 
with the exception of Boni Farci, the upper limit of hearing of all 
was found very much inferior to that of the average for Whites. 
I leave the data without further comment. 

Indians as a Whole.— From the foregoing, it is evident that 
whether taken tribe by tribe or as a whole, on the average sa well 
as individually, the experimental results indicate that Indians do 
not possess as great a range of hearing as do Whites. If, indeed, we 
lump the records of all the Indians irresi)ectively, those who have 
had the cultural advantages of the Whites— the tribes represented 
in the group taken from the Indian School— with the smaller groups 
represented by Indians closer to nature, we find that for the right 
ear, 60 of a total of 83, or 73 per cent, of the individuals rank 
below the average for Whites, and 64 of 82 Indians, or 77 per cent, 
stand lower than the average of Whites as regards the left ear. 
It is worthy of note too that the better records were made by those 
Indians who had attended, more or less, the Government Indian 
Schools. It was my impression also, formed at the time of making 
the measurements, that the better records were made by those indi- 
viduals who were, all around, more intelligent and alert. Un^ 
fortunately, it had not occurred to me to make record of the degree 
of intelligence of each person when tested, although it might be 
nothing more than a personal opinion based upon observation only. 
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Bonghly, this could easily have been done with a fair degree of ac- 
curacy, since I was associated with and saw at work each person for 
the better part of an hour. Had I made such an observation, it 
would have enabled me to determine in a loose way, at least, how 
far the diflferences in the upper limit of hearing between Whites and 
Indians are psychological and to what extent organic in character. 
A little further on, we shall have occasion to revert to this subject 
again. 

FUipinas.—Iji all, 97 Filipinos were tested for their upper 
threshold of hearing. The data for four, however, were so pedpably 
in error, that the records were rejected. We thus have 93 records 
which form the basis for the following' study. So far as I am aware, 
no statement has ever been made with reference to the hearing of any 
of the Filipino people, in any of its aspects. It is doubtful, too, 
whether so good an opportunity for testing these peoples, and under 
circumstances so favorable, will soon be found again. If taken in 
the Islands, it would be no easy matter to collect into a laboratory, 
for testing, as many as a hundred individuals, representing, as did 
these, almost every section of the Philippine Archipelago.® We feel 
especially gratified with the results obtained on the Filipino peoples. 
For the opportunity of making measurements of the Filipinos, I am 
under obligations to Major Haskell, U. S. A., under whose orders 
the men came to the laboratory for the testing and without which 
orders it is doubtful whether the tests could have been made at all. 
Obligations are also due to Dr. Wilson, of the Philadelphia Museum, 
who, in the capacity of Director of the Philippine Exhibit, used his 
influence in our behalf to the extent of recommending that we be 
given permission to make the measurements. 

The men were brought to the laboratories, four at a time, this 
number being tested in the forenoon and the same number imme- 
diately after dinner. It may here be stated that the hearing ex- 
aminations were but two of a great number made on each indi- 
vidual. The men were ignorant as to the object of the measurements 
nor was there a hint given of their purpose. Notwithstanding, they 
approached the tests with a great deal of interest and zeal, and 
seemed eager to compare their several records with those of their 
fellows. None of them susi)ected that there might be such a thing 
as a racial diflference inasmuch as they referred to my record as 
one, in all respects, comparable with one of theirs. 

The men were taken into the sound-room, one at a time, and the 
test conducted with as great dispatch as possible in order to avoid 
the flagging of interest and the onset of fatigue. 

* See page 6 for a more detailed description of these peoples. 
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It 18 seen, from the age distribntioiis found in Table IV. (See 
p. 34) that 4 men were younger than 18 years and 5 older t^n 25. 
The oldest of the group was but 30. Were one to select the indi- 
viduals deliberately with the test of the upper threshold of hearing 
in view, it is di£Seult to see how a more favorable lot could have been 
secured. The mean age was 21 years and 1 month. 

Turning now to tables I., U. and III., it is seen that the figure 
representing the upper threshold of hearing of Filipinos for the 
right ear was found to be 29,916 vibrations to the second on the 
average, and for the left ear 29,886 vibrations. The small degree 
of variability found in the group is at once striking. The average 
deviation is very much smaller than that for either Whites or In- 
dians (See Table I.). So little variability, no doubt, may be ac- 
counted for by the fact that the variation in age is likewise small 
and, moreover, it may be noted that in mental alertness and general 
intelligence, these individuals were more nearly on a par than those 
of any other group measured, and, consequently, all mental factors 
concerned in the tests would become more largely equalized. 

When compared with Whites, the upper limit of hearing of the 
Filipinos is decidedly lower, not only on the average, but also as 
regards the general distribution of the individual cases; a fact which 
stands out in the general distributions found in tables II. and 
III. The figures show that Whites on the average have an upper 
limit of hearing higher by 2,369 vibrations for the right ear and by 
2,301 for the left. On the basis of mathematical probability, the 
chances are such as to amount almost to an absolute certainty 
(10,000 to 1) that, even were the numbers infinitely increased, the 
upper limit of Filipinos would, on the average, be lower than that 
of Whites. Indeed, the chances are about 4 to 1 (3.9 to 1) that the 
difference between the upper limit of hearing of Whites and Fili- 
pinos amounts to at least 2,000 vibrations. And, inasmuch as the 
number measured is sufficiently large to render the data susceptible 
to fairly accurate statistical treatment, the reliability of these figures 
may be accepted with a certain degree of confidence. 

Something of the standing of the upper limit of hearing of the 
Filipinos as a whole may be inferred from the distribution of the 
records as found in tables II. and III. Not only the mode, but the 
distribution as a whole is found to fall distinctly below that for 
Whites. Take, for example, the records of the right ear. But 19 
of the whole number of 93 (about 20 per cent.) are as high as the 
median record for Whites ; for the left ear, only one Filipino record 
is as good as the median for Whites. 

In the data just presented, were included the records of 13 
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Filipino studenti attending^ American colleges and aniveraities, who 
were temporarily connected with the Exposition and whom we 
tested as they chanced to stroll into the laboratories. These records 
afford an opportunity for testing to what extent the factor of in- 
telligence was instrumental in effecting differences found to exist 
between the upper limit of Filipinos and Whites. In mentality, I 
lake it, these Filipino students were on a par with the freshmen and 
sophomores in our American colleges and universities. They 
ranked, moreover, in point of intelligence at least equal to the Whites 
with whom the Filipinos are compared above, inasmuch as the 
Whites were for the most part artizans and tradespeople, with a 
few who had completed college courses. Below I give the individual 
records of these Filipino students, both for the right and left ears. 
Also I give the averages of the thirteen records and the variability. 

FnjpiNO Students — Mostlt Taoaloos 
H%gke9t Audible Time 
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Even these intelligent and educated Filipinos, it is seen, have 
an upper range of hearing distinctly lower, on the average, than 
do Whites; the difference for the right and left ears respectively 
being 407 and 1,930 vibrations. Were the numbers of these intel- 
ligent Filipinos larger, it would be interesting to note what the prob- 
abilities of a real difference are between their upper limit and that 
of Whites. The data would incline one to believe that they would 
amount to practically a certainty. It requires to be noted, more- 
over, that with one exception, the records of the Filipino students 
were among the best of the Filipinos tested, so that there can be no 
doubt but that the psychological factor is significant in accounting 
for some of the differences discovered between Filipinos and Whites, 
though, to be sure, by no means all. 

Army oflkers, who had done service for some time, in the Philip- 
pines, and some teachers who had spent two or three years in the 
Islands, with whom I conversed, without exception informed me that 
they, too, had experienced defective hearing in the Philippines. 
But they altriboted this abnormality to the aetion of the quinine, 
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which they found it neceMary to take in Urge qoantitieft, on aeeount 
of the prevalence of fevera. Since the nativ«a are immnne to 
malaria and other tropical maladies, and do not uae quinine or other 
druics with aimilar medicinal properties, the explanation just noted 
eould not account for the defective hearing of the Filipinos, which, 
as will hereafter be pointed out, extends not only to a diminution of 
the range but to an actual lack of acuity as well. It would be in* 
teresting to know whether this is common to all dwellers within 
tropics, inasmuch as the results are in accord with the data coUected 
from the inhabitants of the Torres Straits.* 

^iMu.— Excepting the Vancouver Indians, the Ainu rank lowest 
as regards the upper limit of hearing of any of the p«H>ples I 
examined. Owing to the fewness of the numbers, it is impossible to 
do more than pn*sent the results with s statement of their general 
tendency, and perhaps this can best \h* seen from the compsrstive 
tabl<*s II. and III. It may be noted that all of the Ainu iveorda 
fall low»»r than the average for Whites for both the right and left 
ears. The K»*nt»ral tendency ikfms to indicste an upper limit alight ly 
lower even than that of Filipinos. 

The Ai!»c 

H%$ke9t Aud%hl€ Tone 

KuM k9% Mva EiffktEM Ufl Kw 

Ysio Umwa 23 Male 31.170 D. V. 31.170 D V. 

Kotof^ llirmmurm 38 30^^70 ** f4.7S4 ** 

ffauitukuiio llirmmurm 53 23^12 ^ SS,2S4 ** 

Ooro \WU 2H 29,30H •• 3t.lS0 ** 

fisairm llirmmurm 3S \jtm thmn 10.000 D. V. (botk mf%). 

Record not inrliKM la Xhtf ftvvrm|r»- 

UsM OMinrm 10 FemmW S^.044 D. V. t3.0Sii D. V. 

8batrmtek Hirmmurm 33 " 23^ It * 26.iS4 ** 

Kia llirmmurm .6 3O;e70 30^70 " 

Avrrm«^ . 2H,iMS tO^^tS * 

A. I). l.SSS - tM^ - 

Mueh of the auditor}' inferiority of the Ainu is undoubtedly ta 
be areounteil for on purely psyeholoirical groumls. They sremed 
an exct«sively Atupi<l p«Hiple. rankinir next to the lowest of all tb# 
primitive pe<i>plHi coUeete^l on the Exp<«iition grounds. Their minds 
seemeil unresponsive and lethanrie. They apprehended meanings 
poorly. Thinjji <»nee appn*bended, mone<»ver. held their attention 
for a moment only when they sremetl immetlistely to relapse into a 
state c»f HH-ntal inttifTerence. I never eould feel quite certain that 
they were hearinfr even when they said they were, tnasaitieh as ill 
the reg^m (»f the thnrskild values the number of false sUteaesta 
waa exceedingly lanre. 

•8m Rrp«ft CsAWMft Aatlmfol. Esf., Vol. 11. 
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The Ainu have been little studied and little is known of them. 
So far as I am aware, no scientific measurements of them have ever 
before been made, so it is quite unfortunate that more of the race 
were not available for study. It is a race, too, which, according to 
travders and missionaries, is fast dying out; hence, in the near 
fntare, will no longer be open to scientific observation. 

The PigmieM^Baiwa, Batfuba and Cheri Cheri.—Ot the so-called 
Pigmies proper, there were at the Exposition only six representa- 
tives. I present hearing records of the entire number. 

The Piomies— Batwa, Batsuba and CHxai Caxai 

Higheit Audible Tone 

VMM Age TrilM Right Ew Left Ear 

hh^mkm 30 Batwft 31,170 D. V. 31,170 D. V. 

JiAliaga ...' 16 " 37,560 " 37,560 " 

Butluiba 13 *« 32,180 *' 30,220 *' 

LaloBA 15 BaUiiba 35,100 " 35,100 ** 

OCabd^ 17 Cheri Cheri 30,270 " 31,170 " 

17 ** " 33,060 " 30,270 " 

Aferagt 33,323 " 34.081 " 

A. D. 2,071 •• 3.212 " 



The records of the Pigmies are all high. Were the same relative 
distribution to continue for a hundred Pigmy hearing records, they 
would be found to possess an upper range of audition superior to 
that of any other people, including Whites. The general distribu- 
tion of their results stands higher than that for Whites. (See tables 
II. and III.) Only one white male was found to possess a range 
of hearing higher than that of any Pigmy. 

How shall we account for this manifest superiority of the 
Pigmy's hearing? Certainly not on the basis of a superior mental 
attitude toward the testa, since the Pigmy ranks low in the mental 
seaIe--only slightly higher than the Ainu whom we have just con- 
aidered. Moreover, their interest in the test can not be said to 
have been especially keen. It was certainly by no means the e<|ual 
of the Filipinos whose upper limit was found to be especially low. 
The question of age was a factor, no doubt, since the Pigmies were 
all boya, but even this does not account for all the difference found. 
Perehanee. something of a relation may exist between a high degree 
of sensitivity and extreme motility. The Pigmy is a motor indi- 
vidual. Like his next of kin, the negro, in his native haunts, he is 
perpetually on the move. His reactions to incoming stimuli likewise 
are direct and excessively overt. Other than this, there is certainly 
Dothinir in the Pigmy's environment or mode of living which should 
tend to develop and cultivate any peculiar aptitude in the way of 
orj acuity, with whieh he seems naturally to be gifted. 



CHAPTER V 

The Upper Limit of Heariko as AfTBDCTiD bt Aoi akd Sex 

From the daU I wm able to collect at St Looia and aome 
gathered aubsequently from children in the public achoola, it waa 
ponible to aelect material which will throw aome additional light 
upon the relation that obtaina between range of hearing and age 
and nex. Aa reganU Whitea alone, the data repreaenta testa on 365 
individualu; 209 malea and 176 femalea, ranging in age from 5 to 
65 yeara. 

By coniiulting the tablen and charta which follow (See tablea V. 
to XII.) it will be obaen'e<i that the records of the indiriduala have 
been dijitributed into four-year groupa, the first group rep r ea en ting 
the upper limit of hearing of children between 5 and 8 years in- 
duaively; the second group 9 to 12 years, and so on. Beyond 49 
years, the numben testtnl were so few that the four-year groupings 
were drtipped and the records lumped. Such a procedure, too, ia 
justifiable on other grounds. With the appniach of aenraeence ia 
met a decrease of sensitivity, in general, in conaequence of which 
many of the data would bear record of a decline in general aen- 
aibility rather than a diminution only in the one particular function 
of hearing piercing tones. 

In Tablt* V. the data are ao arranged as to contribute informa- 
tion toward the significance of age in influencing the upper limit of 
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TABLE VI 
HioBEST Audible Tone, Acoobdiiio to Sex 
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bearing. In this table the sexes have not been segregated. The 
table is made to show differences between different periods of life, 
bcyth in terms of the average of the individual records of each age 
group and in terms of the median or middle record. The latter 
gives the data in such terms that the influence of pathological, or 
functional, disturbances of hearing is largely eliminated. That is, 
extreme records which have a tendency to skew the average lose 
their unwarranted weight From this table, as well as from others 
which will follow, something, also, may be inferred as to the rela- 
tive range of sensitivity of the two ears. 

In Table VI. the data are arranged so as to exhibit any sex differ- 
ences that might be found for the various age groups. Neither in 
this table nor Table V. has there been worked out, however, any 
measure of variability, inasmuch as the character of the distribu- 
tions may be seen in tables VII. to XII. 

Tables VII. to XII. present the original data in such form that 
they may be worked over by anyone who cares to review the ques- 
tion; and, indeed, they show more convincingly than any series of 
figures representing averages, modes or medians could possibly do, 
the tendencies of the several groups measured. Perhaps a word of 
explanation is necessary to an understanding and interpretation of 
these tables. Taking, for example. Table VII. In the column to 
the left are given the lengths of the whistle cavity employed in the 
vmrioiis hearing measurements, and in the column to the right the 
eofTQsponding vibration fre<iuencies (double) of the resulting tones. 
At the head of the several columns are indicated the different age 
groups; "&-<8" indicating that the data in the column beneath are 
those secured from boys and girls without distinction of sex ; and so 
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on for the remaining columns. Agmin, onder the "5-8" caption, 
the '*4** indicates that four individuals were measared in which 
the whistle cavity had a length of 1.4 mm. or the tone poaseflned a 
vibration frequency of 39,220 D. V. (double vibrations), and so on, 
the **V2'' indicating that the upper limit of twdve children was 
marked by a tone of 35,100 D. V. 

Ext<*nd(Hl interpretation and discussion of the dsta contained in 
tsbles V. to XII. are uncalled for in connection with the problem 
of racial (liffer«»nces, of which this paper particularly treats. A few 
wonls, howi»vt»r. are perhaps not out of plsce. 

It will l)e olis«*r\*ed that the number of individual measurements 
reeonltMl, eRpwially ss regsnls the younger yean» is sufReient to 
make xhv conclusions fairly definite. From tables V., VII. and 
XII. it stands out fairly clear that there is practically no ahortening 
in the rangi» of hearing before the age of sixteen yesrs, but that 
aft4*r thJM ag«* the upp^r limit falls slowly, having sunk shout thrre- 
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fourths of an octave on the average by the forty-ninth year. The 
data frivin^r the nuniian n»ooni for each ajre pn>up <li8(»loik» the same 
factJi« to that it aeema to matter not whether we speak in terms of 
the averaire or the minlian (See tables V. to XII.). 

It will be n'membenil that Alch»rton. Blake, Oalton, Zwaartle- 
maker, Caperitu, Myers* and others foun<l that by the ajre of 12 to 13 
years, the upper limit of hearing aln*ady exhibits considerable 
ahorteninir. My data nt^cefwitate a conclusion quite at variance 
with that of these earlier experinit^nters. Nor can I sufrcrest an ex- 
planation for this lack of harmony in our fxperim<*ntal results. 

A mathematical statement <»f the probability of a diflference in 
the ran^re of bearinf? on the averse for years of life beyond seven- 
teen, is wholly superfluous in view of the distributions of individual 
reeords exhibited in tables VII. to XII. which mak(*s this conclusion 
absolutely certain. But to explain this sh(»rteninfr in ranp' with 
' See diieutsioat under Chapter II.. page 19, et m^. 
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increasing years is a more serious question. Whether it is but a 
symptom of a general insensitivity of the organism as the individual 
ages or only an atrophying of certain tissues through disuse, which 
were of service to man in a lower stage of his culture, or whether 
it may be due to other factors, are questions which await experi- 
mental determination. In view of the relative inferiority of the 
extent of hearing range among primitive peoples, the former of the 
two suggested explanations perhaps seems the more plausible. 

TABLE IX 
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As to a difference in sensitivity between the two ears, taking 
the results as a whole, all ages together, nothing like a significant 
difference stands out in the tables (Table V.). As to a sex differ- 
ence, it would appear from Table VI. that woman's range of hear- 
ing extends slightly higher than man's; the difference is however 
for each age-group too small to possess any high reliability. 
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TABLE X 
Uprb Limit or HxABuie 
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Summary and Conclusion 
PUc6d in the order of superiority, begrinningr with the people 
wboae upper limit was found to be the highest, the peoples arrange 
themselTes in the following order : 



■IghlBw 


UftEar 


1. PlfBks. 


1. Pigmies. 


1 WkitM. 


1 Whitee. 


1 C«opa IndiaiiA. 


3. CocopA Indians. 


4. ladiaai from the ScbooU. 


4. Indians from the Schools. 


6. PatarnUa IndUiuk 


5. Filipinos. 


6. nilpiMM. 


6. Ainu. 


7. Also. 


7. Patagoniass. 


S. V—couTtr IndUiuk 


6. VancouYer Indiana. 



There is a slight difference in relative order for the two ears, 
respeetiTely, which may be, and probably is, due to the fact that 
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TABLE XI 
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th<* niitnU n makintr up ii4>me of th«* trnmfHi wt>iv iimall. The Unrv'r 
$rr«>u|i^. Whitifi. IrxliJinH - fp>rn M*h<K)Is . and FilipimMi, cm tbi* otb**r 
hand. n*tain Xhr *uini** onl.r. f»«r th«* two rar%, unchant^Hl. It li 
r»'a«M»nnhIy ct-rtain that Whit**** havf a hi^hfr upj^T limit of brar- 
iniT than <!•> Indiana and that Intliaiia in turn haw a widtr ranire 
of t«»f»al h«arinir than d^ Filipin<»*. 

Th»' data. th«'n'fi>iv, hrinir out Mnkinuly an«l jtiatifr a con- 
clusion. aniMiintinir. prartic*ally, to a certainty that racial difference* 
in h«*arintr «*xi«t, at It^aat %o far a% th«* up(>«*r limit of bcarinir fr«^>ea, 
and that th** nion* rtiltur»^l fHM»pIf rank miMt favorably in tbi« 
n-Ai^tK-t. S-» far a% tht» datA ar»* rumparahlf, t4w>. my experimental 
c«>nrluftioQa with FilipiD<«i an- Mnrtly in accortl with tboae of Dr. 
My^ni, on pe«»f>lt«ii «if the imme nic«v Dr. Myeni*a reantta are atatAil 
in trnn% of the cavity Imtfth <»f a amall Ilawkaley-CJalton Wbiatle 
and. conaequently. bs data can wA be compared dirertlj wttb my 
ovn« but Myera found that. f<ir the RHial part, the Papnana wkoaa 
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be examined, p o i iCMe d a rather noticeably aborter range of bear- 
ing tban did tbe peoples of Scotland in wboae measurement be em- 
ployed the same wbistle. 

Only two factors in explanation of tbe relative abortness of tbe 
range of bearing among primitive peoples bave been suggested : 

(a) Attention was called to tbe psychological factor concerned 
witb tbe subject's attitude toward tbe test, or tbe subject's relative 
ability to attend to stimuli. Tbis mental factor is undoubtedly a 
prominent one. It likewise bas its motor aspects and relations. 
Tbose individuals wbo are relatively more alert, and wbose range 
of motor responses likewise is greater, were, on tbe wbole, found 
to possess a greater range of auditory sensitivity, tban individuals 
less given to motility. 

(ft) Tbe second factor, perhaps, is fundamentally tbe same as 
the flnt It refers to elimatic and geographical influenoei It was 
suggested that, perchance, variations in upper limit of bearing may 
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be indaced by facion arising from the different latitodca in whieh 
the individual have been bom and have grown op. 

Each of the suggested factors just enumerated, however, awaits 
additional experimental evidence for verification. Unfortunately, 
I had neither the time nor facilities to enter further into the subject. 

Lisstly, it was found that age plays an important role in ahortcn- 
ing the upper limit of hearing. While no perceptible shortening 
occurs before the sixteenth year, after this age the upper limit 
gratiually (Imps, shortening almost sn octave on the average during 
the next thirty years. 



PART II 

AUDITORY ACUITY 

CHAPTER VI 

HiSTOBICAL 

RsPBEKCE to the literature of auditory acuity from the point of 
Tiew of this paper implies its consideration from two distinct 
aspects: (1) the relative acuity of some of the inferior races, and 
(2) a quantitative auditory measure. With reference to auditory 
tests on primitive peoples, the literature is indeed meager. If we 
exclude haphazard statements, and such as have been made by 
tourists without reference to the physical and psychological factors 
iuTolved, the classic work of Dr. Charles Myers^ on the Hearing of 
the Murray Islanders is about all of consequence that has found 
its way into print. 

In the seven volumes which have been published relating to 
almost every phase of the life and environment of the natives of 
southern South America, P. Hyades' and J. Deniker encompass the 
problem of hearing within a single paragraph. The statement is 
so abbreviated that I quote it in full: "The Fuegians have the 
sense of hearing particularly developed owing to their conditions of 
life. Yet, by divers experiments with the watch, with the diapason, 
etc., we proved that the acuity and the range of hearing, among 
these people do not exceed that of Europeans especially gifted in 
this respect. It was observed slso that noises such as are habitually 
disagreeable to us (Europeans), an explosion of a charge of powder, 
or the hissing of steam in escaping from a locomotive, do not by 
any means produce an unpleasant effect upon their ears." Such a 
statement as this, while indicating the direction of a tendency in the 
groai, does not give us much information on the question in point* 
The inference is, thst the hearing is equsi, st least, to the average 
among Whites. Nothing is said, moreover, as to the method pur- 
sued in testing, the individual differences observed, or of the number 
of persons tested. 

''^ ABtkropologkal Expcditioii to Torra Straits.** Vol. II. 
•"MiMioB SdcBtifiqiM da Cmp Hon," Ton VII., p. 209. ISSS-S. 
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In keeping with the statement just noted are such observations 
as that of Robertson* who remarks **As a result of very many 
observations of an unscientific kind, I could never discover that 
Kaffirs displayed any superiority to other races in their certainty 
of hearing." And that of Sir Francis Galton* who says **My own 
experience also, so far as it goes, with Hottentots, Damars, and some 
other wild races, went to show that their sense of discernment was 
not superior to that of white men." Giltschenko" also relates that 
the Osset, whom he examined, was found to hear the tick of the 
watch at no greater distance than other peoples. However, on the 
open plains and among the hills, the Osset understands spoken 
words and perceives significant sounds at extraordinary distances. 
But, as Dr. Myers critically remarks, extraordinary auditory acuity 
under such circumstances as that just related, where the stimuli pos- 
sess a conscious significance, no more indicates superior hearing 
than does the superior ability to analyze clangs give evidence of a 
more efficient organic hearing sensitivity. 

Myers quotes a personal communication from Stanley Gardener, 
in this connection, which illustrates what is patently true of all 
sense avenues, namely : that even very intepse stimuli, if not signifi- 
cant or familiar, are usually unobserved. Gardener, while in the 
Maldive Islands, had an American clock hanging in his bungalow. 
He observed that the natives who had never seen a clock would 
often approach within two yards of the timepiece without noticing 
its tick, and even after he had called attention to the sound, they 
usually experienced considerable difficulty in localizing it. Gar- 
dener further relates that frequently he passed behind the natives 
on the sandy seashore, but that, invariably, they failed to dis- 
tinguish his booted tread from that of the bare-footed savage. 

More forcibly, perhaps, than any a priori statement of the matter, 
these observations emphasize the importance of carefully selected 
and well devised hearing tests for measuring primitive peoples, such 
as will not afford undue advantage to the intelligent over the in- 
ferior race with which it is compared. In other words, if a com- 
parison of hearing is to be valid, the stimuli must so nearly as 
possible have the same psychological value for all the individuals in 
question. Unhappily, this condition is rarely fulfilled, not only as 
regards auditory stimuli, but those affecting other sense avenues as 
well. Whether suitable conditions for making comparisons obtained 
in the tests of Hyades and Deniker, the statement of their condu- 

■ " Kaffirs of Hindu Kush," 1896, p. 174, quoted from Myers, loc. cit, 
* ** Inquiries into Human Faculty," London, 1883, p. 32. 
. *Biol. Centralh. 11: 304-318. 1891. 
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sions leaves us in ignorance. Certainly such statements as those of 
Galton, Robertson, Gardener and Giltschenke lose all their value 
when weighed by psychological standards, simply because unequal 
psychological units of measure were employed in the comparisons. 
Myers more nearly meets the situation than any of the above in 
that he employed a metallic click, which x)ossesses comparatively few 
associations, in some of his measurements, while in others, an ordi- 
nary noise produced by a pith ball falling upon an inelastic surface 
served as a stimulus. The last mentioned instrument consisted of 
a telescope tube mounted vertically ; at the base of which extended 
a piece of felt, placed at an angle. The pith ball was allowed to 
drop through the tube, strike the felt below and rebound, falling 
noiselessly upon some velvet cloth stretched to catch it. The height 
from which the pith ball fell could be varied so as to change the 
intensity of the sounds. This device was found unserviceable, how- 
ever, on account of surrounding noises. Myers and Rivers found 
considerable difficulty in their work of measuring the auditory 
acuity of the Murray Islanders, by reason of extraneous noises which 
so confused the subject under examination that he was frequently 
unable to tell when the stimulus was present and when not; that is, 
whether he heard the appropriate sound or not. Later, a Politzer 
Hormesser was tried but with almost as little success, though a cer- 
tain number of measurements were made with the instrument. But 
in by far the greater number of Myers's tests, use was made of an 
ordinary stop watch, the acuity of the native being recorded by the 
relative distance at which he and one of the experimenters could 
hear the tick. In each test, one of the experimenters stood beside 
the subject and also listened for the tick. It was thus observed 
whether or not he heard the tone at a greater distance than did 
the native ; the distance at which the watch or the Politzer acuometer 
was audible to the experimenter always being the denominator of a 
fraction standing for the acuity of the native tested. Thirty-five 
natives were tested for hearing. Although the tests, as has just been 
indicated, were extremely rough, they served to show that Papuans, 
on the whole, do not hear as well as do Europeans, though some of 
the individual Papuans, indeed, heard better than did either Myers or 
Rivers. On their return to England, Myers compared his own hear- 
ing and that of Rivers with the hearing of other Europeans and these 
comparisons seemed further to confirm the relative inferiority of the 
auditory acuity of the Murray Manders. 

Prom the second point of view of my measurements of hearing, 
the literature is voluminous. Anything like a comprehensive review 
of all of its phases would, therefore, at once carry us entirely too 
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far afield. Indeed, it would be a bootless task, by reason of the 
diversity of methods employed and devices used, which it would be 
wholly impossible to place into any scale of equivalents. 

Very considerable work has been done on the continent of Europe 
in the way of establishing quantitative auditory measures. Some- 
thing in the same direction has been accomplished in the United 
States, and Lord Rayleigh, in England, has pretty thoroughly 
broken the ground in the way of making it possible to determine the 
energy proceeding from certain sonorous sources. I shall not, at 
this time, attempt to review the merits of the various devices and 
instruments that have been put forward for testing auditory acuity. 
Few of these should concern us in connection with a study of a 
quantitative measure of hearing, inasmuch as they are at best only 
semi-quantitative in character. The mere mention of a few such 
as the following will suffice to illustrate the point in question : The 
Seashore audiometer;* Bryant's and Bentley V phonograph audiom- 
eter; the audiometer of De Graff e;® the audiometer of D ' Arson val;* 
a device for measuring hearing by R. Pause ;^® an instrument by W. 
De Bechterew ;^^ an acccmmetrie metrique by Tretop ;^^ an apparatus 
for measuring auditory acuity based on mechanically produced 
vowels, by Robin ;^* etc. Among such devices, also may be classified 
instruments such as the well-known Politzer Hormesser, the watch 
test, speech and whisper tests; in fact, all those methods and ways 
for testing hearing which depend on empirically established norms, 
which are not interchangeable as among different investigators. 
Such devices have their value in individual laboratories and clinics, 
where only semi-quantitative results are required and where oppor- 
tunity is afforded for measuring and establishing, once and for all, 
the hearing equivalent of the instrument in use. For purposes of 
investigation, however, they answer but poorly, in that it is never 
possible for other investigators to review and verify any experi- 
mental conclusions reached. 

Among the first work done to measure, quantitatively, the in- 
tensity of a sound in objective units— at least relatively objective 
units— was that by Vierordt,^* in 1878. This investigator concerned 

• University of Iowa Studies, 2 : 55. 1899. 
''Science, 19: 959. 1894. 

^Arch. Int. Laryn, 15: 96. 

* Arch, Int, Laryn, 15: 96. 
"J. of LaryngoL 19: 534. 
"^Arch. de Psych, 5: 108. 

"BwW. de Laryng,, Otol,, etc, 8: 20. 

^Bull, et Mem, Soc, d'Anthropol, 3: 209. 1902. 

^«Das Mass der Schallst&rke, Ztsch, f, Biol, 14: 361. 1878. 
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himself with the question of the relation between the height of fall 
of a ball and the resulting: sound intensity. Vierordt believed he 
had established an experimental formula by which could be de- 
termined in relative terms the intensities of two succeeding sounds. 
Vierordt *s work was later reviewed by Oberbech^** who established 
experimentally the formula t = p^« instead of the formula i = ph^ 
which Vierordt had proposed for expressing the relation between the 
sound intensity and fall-height; where ''c'' is a constant depending 
on the construction of the instrument, **h** the height of fall, "p/' 
the weight of the ball and **i** the intensity of sound. This formula 
was again reviewed in Wundt's Laboratory in 1881 by Tischer who 
showed experimentally that a relation between the height of fall 
and the intensity of the resulting sound is only roughly accurate 
and such as to be impossible of expression algebraically. Further^ 
more, the relation is one which it is nect'ssary to establish inde- 
pendently for every ball and instrument used. Some such device, 
were it possible to state the relation between the falling height and 
the resulting sound intensity, would be admirably adapted for 
auditory testing but, for the present at least, it lies beyond the 
possibilities of a <|uantitative statement. 

The methods for measuring the energy of sound in physical units 
have been numenms. Relatively loud tones have sometimes been 
employed in detennining the ear's sensitivity. By this method the 
subject is removed to such a distance from the source of sound that 
it is just no longer audible. Then by calculating the energy of the 
sound emitted, and knowing the distance between the subject and 
the sonorous source, the intensity of sound at the ear may be easily 
reckoned. This method was employetl by Toepler and Boltxmann,** 
who were first to determine the absolute sensitivity of the human 
ear. On the strength of Ilelmholtz's generalizations, they calculated 
the quantity of sound energy leaving an open organ pipe, while 
Wolf pursued the same method by calculating the energy going out 
from a bottle over which a blast of air was made to pass, giving rise 
to a loud shrill tone. The method assumes thst all energy consumed 
by the open organ pipe or sounding bottle psases over into serial 
sound wave energy. Knowing the pressure of the wind blast play- 
ing upon an organ pipe or bottle; the quantity of air consumed ; the 
distance between the subj«>ct snd the tone center; it is simply a 
matter of arithmetic to determine the maximum condensation of an 
air wave reaching a subject's ear. 

So far as I have been able to discover, only two remaining devices 

•ITM. Anmml, IS: 254. ISSl. 

»8m Rajkisb. ^Thm Tbiory of Sound,'* 1S9S, Vol. II., p. 4SS. 
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have been employed to arrive at a quantitative J?5niww»;— the tun- 
ing fork and the telephone. The toning fork has gained promi- 
nence as an instrument for testing hearing, I believe, largely because 
of its efficiency in a functional hearing test. For this purpose it 
impresses me as being rather a superior instrument. But it is well 
to bear in mind the distinction between a test's ^ciency functionally 
and its psychological value in testing individual differences. In a 
functional hearing test, according to the standards set by modem 
otological practitioners, such devices are required as will measure 
hearing efficiency for different regions of the tonal scale, and par- 
ticularly the ear's relative acuity for all variations in pitch found 
among the tones employed in speech. A scientific test for compara- 
tive hearing acuity on the contrary concerns itself with only the rela- 
tive sensitivity of individuals as regards some one point of the 
hearing scale. A determination of an individual's functional hear- 
ing consequently involves many problans which are found not to 
enter into a test which seeks only to point out individual differences 
in the sensitivity of the ears of any group. Continental European 
otologists, however, employ tuning forks almost altogether both in 
their tests for general hearing acuity and for locating islands of 
deafness and other functional disturbances.*^ 

To Lord Eayleigh,^® we owe the credit for first deriving a 
formula for measuring the sound energy that is given out by a 
tuning fork in vibration. Bayleigh's formula contemplates a micro- 
scopical measurement of the amplitude of the fork's vibration.** 

"See in this connection: Bezold, " Functionelle Prtlfimg," 1897, S. 121; 
also Arch, of Otol. 25: 384. 1896; 36: 37. 1900. M. Paul Robin, ''Appareil 
pour mesurer Tacuitd auditive," BuU, et mem. 90C. d'anthropoh t: 209. 1902. 
Ostmann, " Zur quantitative HSrmass," Arch, f. Anat. u. Physiol, 1903, S. 321 ; 
also by the same author Ztachr. f, Ohrenhk, 51: 237. 1906. Zwaardemaker 
and Quix, " Schwellenwerth und Tonht5he," Ztachr. f, Psychol, u. «. tr. 38 : 415. 
1903. L. Jacobson and W. Cowl, "Darstellung und Messung Schwingungsam- 
plituden/' Arch. f. (Anat. u.) Physiol. 1903, S. 1. Many others might be men- 
tioned, but these are sufficient to indicate the European interest in the timing 
fork as a measuring instriunent of the ear's hearing power. 

""Theory of Sound," Vol. XL, p. 437; also, "Amplitude of a Just Audible 
Air Wave," Phil. Mag. 38: 365. 1894. 

" Where " E " is the total energy given out by a tuning fork in motion, 
its value may be obtained from the following formula: 

^=ip/«xj=ipi^ixj(2n)«. 

Where " T' is the length, "to" the width, and "p" the cross-sectional area 
of one of the prongs of the tuning fork, "n" the displacement at one of the 
vibrating ends of the prongs, and " T " the time in fractions of a second, of a 
single vibration. 
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For metsuring the smallest audible tone when the subject is 
stationed in proximity to the testing instrument, this method does 
not sufBce in that the displacements of the ends of the prongs are too 
small for microscopical measurement. Recently, however, Wien 
derived a formula applicable to a tuning: fork, whereby the energy 
radiated, at any given moment, may be stated in terms of the time 
of the fork 'a vibration, if only the initial amplitude be known. This 
formula is bssed on the law of the dampening or dying-out rate of 
tuning forks. The dampening of a tuning fork has been found to 
follow the law, a X «"*', where ''a" is the initial amplitude, ''fc" 
the dampening factor and **V' the time the fork has been vibrating. 
At any given moment, therefore, the relation between the amplitude 
of the fork's vibration for the experimenter and the subject, r^ 
spectively, can be stated by the formula : 

a;(8ubject) ^ ^uc.,^^,.^^,.,^^,. 
o'(uperimenler) 

With such a formula, it is necessary, only once for all time, to deter- 
mine the dampening factor **h** for each fork employed, in ortler 
to have a quantitative hearing measure at all times serviceable for 
use. 

By computing the energy proceeding from a tuning fork. Lord 
Rayleigh** found that for a tone of 512 vibrations (double) a con- 
densation of 4.6 X 10~* sufficed to excite a just audible tone, in case 
of a normally hearing subject. According to Zwaardemakor*' and 
Quix, the quantity of the energy necessary to excite a just audible 
tone of the same pitch is 1.30 X 10-* ergs. Wead got the figure 
1.100 X 10-* ergs. Wien with tuning forks placed the value at 
612 X 10-* ergs. These quantities, it will be noted, are amall in the 
extreme, and such as to baffie all except the most delicate and pains- 
taking measurements. 

Work with the telephone has been ver>' meagre, if we except 
some experiments of a purely physical sort directed toward d<^ 
tennining the aensitivity of instrumenta for ^)eech transmitting pur- 
poses. 

Ferrais,** in some experiments publi8he<l as long ago as 1877, 
found that an electrical curn>nt of 7 X 10* amperes (528 D. V.) 
was sufficient to produce a sensation of hearing. Preece" found 
the minimum electric current audible in a telephone to be 

"MO. Mm§. SS: 345. 1S»4. 

•Zitkr, f. Fw^ck. SS: 416. 1903. 

•Atti ^Um B. AoBd. d. Set. di Tonmo. IS: 1024. 1S77. 

*Br»l. Amoc, Beport, MaBcbmUr, 1S87, p. 611. 
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6 X lO'^' amperes. Tait** fonnd for a tone of approximately 500 
D. V. a current 2 X 10"** amperes only was required to excite an 
auditory sensation of tone. And Lord Bayleigh,'' as a result o£ 
some careful and extended experiments, placed the value of the 
minimal current for a sensation of hearing in the telephone, at 

7 X 10"® amperes, for a tone of 512 D. V. Lord Bayleigh presented 
a means for evaluating the actual energy given out by a telephone 
in use. For a tone of 512 D. V., the quantity of energy given out 
by the telephone for a tone of threshold value was practically that 
which he received when the tuning fork was the auditory excitant, 
namely, 4.6 X 10"* ergs per sq. cm. area at the opening into the ear. 
Rayleigh's method for translating the electrical potentials employed 
in producing a tone of threshold value into sound intensity units 
is rather complex, involving some difficult mathematical calculations. 
Essentially, however, it consisted in a measure of a telephone plate's 
amplitude of excursion, from which was derived a law showing the 
relation obtaining between these and changes in electrical potential. 
Although Lord Rayleigh found that a telephone plate registers dif- 
ferences in electrical current as small as it is possible to measure with 
a galvanometer of more than ordinary sensitivity, and that, there- 
fore, the change in electrical potential in the telephone is at once 
a measure of the differences in the intensity of the sound leaving 
such an instrument, he suggested no means for evaluating con- 
cretely intensities of sounds in terms of the excursion of the tele- 
phone plate alone. This work remained for Max Wien.*' Wien 
based his computations on the assumption that a telephone plate; 
in an instrument of the unipolar variety, where the edges are per- 
fectly clamped, executes movements which are comparable to those 
of circular clamped membranes. Wien derived a formula whereby 
the resulting intensities of the tones may be directly computed, 
when the extent of the oscillations of the center of the telephone 
plate is known. According to this formula, it is possible to express 
the condensation of a sound wave leaving a telephone, at any point 
in space, directly as a function of the amplitude of the plate's 
excursion at its middle point, or indeed, the same may be said of 
the energy of a sound wave at any distant point. The formula, I 
have neither the inclination nor ability to verify. But Wien, like 
Lord Rayleigh, in the work of actual experimentation, based his 
computations on the assumption that the degree of electrical poten- 

»*^dm. Proc. 9: 651. 1878. 

"*'The Theory of the Telephone" and "Minimum Current Audible in a 
Telephone," Phil Mag. 38: 295; also 285. 1894. 

" " Die Empfindlichkeit des menschlichen GehOrorgane, Pfluger'a Arch, 97 : 
41. 1903. 
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tial is directly a measure of the intensity of a sound as it leaves 
a telephone. This, however, seems to be not wholly a settled prin- 
ciple. It is a question which has only recently again been opened 
in the psycholoirical laborator>' of the University of Michigan,'* so, 
perhaps, this may Berse to explain some of the unusual results 
which Wien reports. 

For a tone of 500 D. V., Wien obtaine<l a value in amperes of 
3.6 X 10'*\ ss the current strenfrth essential to produce a just 
audible sound in a telephone, whereas, Lord Rayleigh had worked 
out the value to be 6 X 10"* amperes. Wien found, moreover, for 
a tone of pitch 3,200 D. V., that a pressure difference in the air wave, 
at the ear, amounting to only 1.4 X 10'** cms. is sensed by our 
organs of hearing.'* 

In some esperiments, to determine roughly the relation between 
the intensity of t^mes necessary to hearing and the hearing of speech, 
Wien ^ discovered thst even if the condensation value of a sound 
nece9Hir>' to excite a just notict'able sensation of hesring had to be 
incn*aiieti lO.(NK) times, the hearing for speech is only slightly inter- 
fereil with. 'One of Wien » subjwts, who was hani of hearing, but 
who could hear loudly spoken wonls, nH|uired an increase in the 
intensity of the sound necessary to just excite an auditory sensation, 
of 10.(NN).000 over that for Wi4>n*s own ear and those of some of his 
fellow workers in the labtiratory. I am unable to criticise Wien*s 
data in this n*ganl, on account of the many factors involved in his 
elaborate apparatus, which are not clearly descrilxHl in his published 
results. His figun-s art*. nt>vertheless, far in excess of those which 
I have been able t4> siH*ure with partially deaf subjects, as will 
become appan*nt fn>m the distributions of subjects on the bssis of 
their keenness of auditor}* ftense, to which I shall have occasion to 
revert fre<iuently in the pages which follow. 

* St« ** The Trlrph<iiie and Attmtioo WaYes.** G. L. Jackiioii. J. of PkiL, 
FtyrS., etc, t: 602. 1006. 

* ProfrMMir Webater't *' pKone." an elaborate merhaniam for generating 
Umm of determiMite Yibretion frequenrj ami inteniiity, aluo utiliieii • circulmr 
menbrane urn the MmorouM nourre. But the iniitniment, though poMiewiing com- 
mendAble quAlitiea, in not adapted for auditory acuity meanurenieota under 
eirrumatAnce* which make it necemiarT' for the subject to be near the inatni- 
niest. Nee Webster. Bol tana nnFettach rift, 1904. p. 866. 

* Eak. ciI., p. 34. 



CHAPTEB Vn 

The Instrument ¥Osl Measubino Auutioby Acuity 

In the selecticm of a device for the measure of auditory acuity, 
there were certain definite limitations which governed the choice to 
be made. Ahnost of necessity, the tests would have to be made in 
buildings and rooms more or less open to the public, and, if it be 
remembered that there was scarcely a room at the Exposition througH 
which hundreds of people did not pass daUy, it will not be difficult 
to apprehend that any auditory test which depended upon air con- 
duction and a variation of the distance between the subject and the 
source of sound, as a measure of relative acuity, was at once removed 
from the realm of choice. In this connection it may be well to 
recollect also that, to a large extent, we were dependent for subjects 
upon these very conditions which limited the efifectiveness and scope 
of our work— the crowds of people who passed through our rooms 
day after day and offered themselves as subjects for experiment. 
Of course, this precluded the x>ossibility of making measurements in 
the night or, perchance, on Sundays when there was a maximum of 
quiet on the World's Pair Grounds. The strikingly advantageous 
feature attaching itself to a study of some problem at a place where 
crowds congregate rests in the fact that the study can be made 
more extensive. Consequently, several very significant phases of the 
problem of auditory acuity which suggested themselves to me had to 
be neglected. Chief among these was the problem of the relative 
acuity of different races for significant and non-significant sounds. 
This was very unfortunate, too, it seems to me, in that sounds have 
significance for us largely because they have functional— social and 
economic— values. We shall never be able to state definitely the 
relative standing of the various races, with reference to auditory 
acuity, until experimental evidence can be presented based on 
measures which have taken into account the significance which 
meaning has for sensitivity. Indeed, the barriers cast about me 
were such as to restrict the selection of devices for measuring the 
hearing to those which conduct the sound directly into the auditory 
meatus. Thus, it became a question of one of some three or four 
types of apparatus. 

The first method suggesting itself is the one employed quite 
generally by European continental otologists— the tuning fork. 
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A toBiiif fork U permanently fixed into tome •ubttantUl bate, such M 
roocrete, marble or IcAd, in order that there maj be little or no alteration in 
Um time, intensity or character of ita Tibration, the initial impulse remaining 
Um eaaie daring the •ucceeeiYe weeka or montha that the fork maj be uied for 
taating. Thua mounted, the fork ia placed in a tound-proof box, the corer of 
whkh ean be lifted for giving the initial impulse to the fork. Cloee to tha 
fork's tone center is fixed a funnel from the apex of which leads a rubber or 
lead pipe which soon bifurcates, allowing an equal quantity of sound to paaa 
into each. One maj lead to the subject's ear, and the other, perchance, to tha 
aar of tha experimenter. Knowing the initial amplitude of the fork and its 
rata of dampening, it is a simple matter of computation to arrive at a formula 
bj which a subject's auditory acuity can be reckoned directly from the length 
al lima he ia able to hear the sound. Or, having once for all determined the 
dlyiflig out rat« of any fork in question, it is equally easy to formulate a ntla 
for determining the subject's auditory acuity in terms of the lengths of tima 
that tha experimenter and the subject, respectively, are able to hear a tone aa 
it diea out— irrespective of the fork's initial amplitude. (See p. 60 for these 
formuUs.) 

Wherever it is posBible to be certain of the faithful and intelligent 
eooperation of a subject in the performance of a test, there ean 
be no question but that the tuninic fork method simply and ade- 
quately meets all requirements. But these are conditions that are 
not often fulfilled even with adults, much more rarely so with chil* 
dren of intelligent parentafre, still less so in the case of most 
children as they are found in the public schools, and almost not at 
all in case of tests on primitive peoples. The lanfnitLge difficulty in 
communicating to a subject such directions as are essential to an 
onderstandini? of the modus operandi, the lack of interest in the 
procedure, indifference as to its outcome, fluctuation of the atten- 
tion, especially in the presence of very faint stimuli, and frequently 
willful deceit, all are factors which make uncertain results that 
depend on a subject's statement of his own subjective experiences. 
For these reasons, not to speak of the peculiar perceptive difficul- 
ties, illusory effects, hallucinations, etc., attending? the centering of 
attention on relatively pure and continuous tones, the tuning fork 
device was rejected. 

Some consideration was also given to a phonographic method of 
communicating auditor}* stimuli, first suggested by Bentley.^ This 
method, to be sure, possesses the marked advantage of allowing the 
use of significant stimuli, such as spoken numerals instead of mean- 
ingless tones or noises. By the use of certain carefully selected* 
words possessing vowel and consonant combinations, whose tone 
and intensity values have been determined, it might be possible 

^Seimet, N. a 19: 050. 1804. 

'8ta Andrews, .4 sMT. J, of Fwych. IS: 26. 1004; Wolf, " Ohr und Sprscht "i 
BmM. " PuBctioMlle PrSfuiig.'* 
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not only to measure the acuity but the range of the ear's function- 
ing. Difficulty, however, is experienced if one seeks to state his 
measurements in quantitative terms. Moreover, it is impossible to 
secure a hard, phonographic record that will retain its tonal char- 
acter after any considerable use. Certain individuals, too, experi- 
ence considerable difficulty in hearing a phonographic reproduction, 
as many do in understanding conversation over a telephone. Such 
objections to the use of a phonograph audiometer as have just been 
outlined, make its use for measuring primitive peoples of question- 
able value. 

The device found to be most serviceable, though not entirely free 
from objections, was a form of the telephone. The telephone device 
was favorably considered, chiefly because Wien had shown how the 
intensity of the stimuli transmitted to the ear from the telephone 
receiver can be directly and objectively measured. If such a con- 
summation was within the range of probability, it was hoped to 
employ in the extended research of the auditory acuity of the dif- 
ferent races which I was called upon to make, some means whereby 
a definitely quantitative statement might be made of the results 
obtained. It is in this latter particular that the classic work of 
Dr. Charles Myers on the Papuans is defective, together with prac- 
tically all other data on hearing heretofore published. With the 
use of the telephone receiver, the character of the stimulus I chose 
to employ was such as is produced by the opening and closing of an 
electric circuit, of which the telephone forms a part. In other 
words, it is a metallic click which, to be sure, is a sound whose com- 
ponents are not in any definite harmonic relation, and, consequently 
is what is characterized as a noise, in contradistinction to a tone. 
Much, notwithstanding, may be said in favor of a sound of such a 
character. In the first place, since its range of stimulation is large, 
it is more easily heard, and less fatiguing than relatively pure tones, 
or even clangs whose tonal elements form some sort of a harmonic 
series. Noises, too, are more tangible. They have more character; 
they possess various phases and elements to which the mind can 
attach itself during the successive moments that they are being held 
in the focus of attention. Then too, they have much in common 
with spoken language, in that all of the consonants are sounds whose 
character can be expressed as inharmonic. However, in that they 
are non-significant and carry no meaning, to that degree they are 
relatively less adaptable for general auditory tests. This is a condir 
tion that I was able to discover no means of avoiding altogether, 
although, to a certain extent, the end war attained by the manner in 
which the stimuli were presented to the subject. 
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The ^>paratii% as a whole, is somewhat of a departure from 
others whidi have been employed in auditory acuity tests, hence, a 
more or less detailed description of its several parts is advisable. 
The parts of the apparatus in grross* were (1) a telephone receiver 




eooneeted by long leads to the poles of (2) an ordinary spark coil 
(indoetoriam). The telephone receiver fitted into one end of a long 
pasteboard tube, at the other end of which was attached a cushion 
with a central perforation, against which the head and ear were 
*TW avBeralt refer to the Aceompaiijring tgnrt. 
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to rest tnu^y and comfortably. This tube mttmortd a meter ta 
lenfcth and 8 centimeters in diameter. To the primary pok« of the 
indoctorinm were attached leads connecting it with (3) an ordinary 
lead accumulator (storage battery). In this primary eirenit were 
(4) an ordinary resistance coil; (5) a "make and break*' derice; 
(6) a shunt circuit in which was placed, (7) a Weatoo Tolt-ammetrr, 
and (8) a switch which allowed the current to be sent through the 
''make and break*' key or through the ahunt circuit and the Tolt- 
ammettT, as might be desired. Between the transmitting deTiee and 
the telephone receiver was interposed (9) a large double walled 
pasteboard screen. The entire device ready for operation is iUua- 
trate<l diagrammatically in the figure. 

The Imluction Coil.— For bringinit about changea in the elec- 
trical p4)tential of the secondary circuit, through the telephone, a 
typo of spark coil was employed which permitted the sliding of the 
secondary coil along a graduated aeale farther and farther from 
the pnmar>' coil. The range of graduation covered 100 centimeteri. 
(St^ diagram.) As is well known, by removing the secondary coil 
from the primar>% the strength of the current in the secondary 
cireuit is pnigressively decreased. With a relatively weak current, 
e. y., with a voltage of about 2 and amperage of 0.5, in the ease 
of my own ear. the st'condary coil must be removed from the 
primar>' on an average to a distance in the neighborhood of 75 cm. 
before the click ceases to me audible. Thus, it is seen, a eonaidenibiy 
wide range is aflTonied within which the extremes of audibility of 
any group may find a place, and, obviously, a aufflciently wide 
distribution is given to the data for the purpose of making com* 
partsons. 

The Storage Baittry. — U is a difficult matter to aecure a type 
of wet or dr>' electrical cell which will give a perfectly uniform 
cum»nt. even during the few moments that a hearing teat might be 
given. On this account. I inducetl the Expoaition company to 
purchase for me les^l Morage batteries (accumuUtors). One of 
these cells was placet! in the circuit at a time; the other, in the 
meantime, being fnv for charging. When charged to its full 
capacity, each cell posBesstnl an electromotive force of about 2.2 
volts. However, the pot^mtial rapidly fell to about 2.0 voita, 
thnmgfa internal leskage. but there it remained, with the usage I 
gave the eella, for several liays. It is held that accumulators do 
bKter work when not use<l to their full capacity. Some rsaistanee 
was therefore alwsya placet] in aeries with the primary indiictioii 
coil and the batter>'. Alm<«t uniformly, throughout the entire 
series of t<«ts, the current passing through Ihe primary drrait 
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meisored 0.5 amperet and 1.9 volta. The current was mearared by 
meana of the Weston volt-ammeter, placed in the ahont eireuit, be- 
fore taking the measure of the auditory acuity of erery subject. 
The object of the long leads between the telephone receirer and the 
secondary coil, was to remove the subject so far from the noise of 
''make and break" key as could conveniently be done, within the 
limits of the sound booth.^ Thus, almost any sound that might arise 
from the opening and abutting of the key— the faint spark or the 
noise attending the mechanical manipulation of the instrument— waa 
beyond the hearing of the subject under examination. 

The **Make and Break*' A [yparatu4.— In making and breaking 
an electric circuit with as strong a current as the one I employed 
in these measurements, unless particular precautions are observed, 
a spark occurs which is so loud as to be distinctly audible at a 
considerable distance from the instrument, and indeed in any part 
of the sound booth. To avoid this distracting feature, a mercury 
dip **make and break*' key was devised. This, in all essential re- 
spects, did not differ from the ordinary telegrapher's key, except 
that in place of the hard contact, a platinum point was msde to dip 
into a mercury bath on closing the circuit, which prevented the 
noise of contact. And, to prevent a spark, the surfsce of the 
mercury was covered with an extremely thin coating of sweet oil. 
The whole arrangement was such as to be manipulated, generally, 
without the least accompaniment of sound. But to make precau- 
tions doubly certain, a large screen was interposed between the 
transmitting device and the subject This screen served, in sd- 
dition, to shut off the subject from the view of the experimenter, 
making it impossible for the latter *s movements to be seized upon 
as cues to the chsracter of the stimuli which were being presented, 
or for his presence to prove a source of distraction. 

Max Wien and Ix)rd Rayleigh had their subjects hold the tele- 
phone receiver snugly against the ear. By making the span between 
the diaphragm of the telephone and the tympanum of the ear air 
tight, they believed all energy given out by the vibrations of the 
former would be transmitted directly into the ear to the tympanum 
and the ossicles. I sni not certain thst this method does not give 
rise to a molecular transmission of sound through the bones of the 
skull. I desired to avoid Ixme conduction, if possible, snd there- 
fore plsced, at the far end of the pasteboard tube away from the 
telephone receiver, a soft leather cushion against which the ear 
might rest easily and yet be shut practically air tight into the tube. 

* For A dcacription of this aound booth, I refer the reader to the foot-aols 
OS page SO. 
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My experience bat been, too, and that of tboae whom I bare qiiea- 
tioned, that when the ear is presed anngly against any bard sarfaee 
or object, sucb as a telephone receiver, smaU distractinic sounds 
result which very much interfere with the pereeption of faint stimolL 
They give rise, particularly, to confusing illusions of hearing. This 
is especially true of those inexperienced in introspection. The 
noises just referred to, no doubt, are due to molecular disturbances 
srisinK from the rubbing of the bead against the bard subslAnce^ 
the tremors of the hand in holding the instrument and no doubC 
from other sources as well. To avoid all these furnished additional 
reasons for the leather cushion and the removal of the subject's ear 
to a distance from the telephone receiver. 

The Telf phone Ifcccirfr.— Of considerable importance in a test 
of this character is the form and make of telephone receiver em- 
ployed. The large type is preferable on account of the additional 
room for windings on the solenoid ; for the greater the number of 
turns of wire on the solenoid, the more sensitive is the instrument 
to eltK*trical changes; the quicker is the response; snd the more 
sensitive is it to weak electrical currents. A telephone receiver 
with a single spool of wire surrounding a central magnet which 
acted over an area of less than a squsre centimeter on the center 
of the telephone piste was what I selected. But in place of the 
central magnet, I instalknl a piece of extremely soft iron, whirh 
would retain relatively no magnetism when not in use. I did thi% 
first, to avoid the error due to changes in the magnetic character of 
permanent magnets from dsy to dsy. and, secondly, to do away with 
tbe factor of telf-inductance, which so frequently enters as a dis> 
tributing element when telephones are employeil for delicate work. 
It wen> better to have no con* at all. but the effect of the central core 
is to simplify the charaeter of the tones given out and, consequently, 
it can nut safely he dispensed with. 

It has fre4|uently bt*en observer! that differences in the tension, 
with which the cap is tume<| on to an onlinary telephone receiver, 
decidetily influence both the intensity and the character of the tones 
that are given out. To obviate differences in this respect, I decided 
to fix pennan**ntly the t«*lephone plate to the instrument I em- 
ployetl. Thus the dtntanoe U>tween the s^jft iron core, or temporary 
magnt't. and the diaphrainn of the telephone would remain constant 
thmughotit the wht*le sfHtHi of tests. In tbe instrument ss pur- 
chaseii, the plate n-^tiNl up<>n a m«*tallic base, the csp st the same 
time »*n-inkr U* hold th** piste firmly up^m its base, and to rHain 
the aetivf* psrti Kiithin the hani nibli«*r esjiinir. I removed the cap 
entirely aA it Ktould l»e «*f no nrr^ice in the testing of hearing, and 
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fitted OTer the diaphragm a small steel ring which I fastened firmly 
and permanentlj by means of screws to the metallic frame work of 
the instrument, thus causing the telephone plate to retain the same 
position and tension at all times. 

So much for the instrument proper. But something needs to be 
said of the arrangements of the parts in testing. On one side of 
the screen stood the experimenter, with the induction coil, *'make 
and break" key, the alternator, the ammeter-voltmeter in the ahunt 
eireuit, before him— over all of which was suspended a small inean- 
deseent electric bulb which furnished the illumination. On the 
other side of the screen sat the subject— his head resting easily 
against the leather cushion, from a perforation in the center of 
which the sound entered the ear being tested ; the other ear being 
meanwhile stopped with cotton. 



CHAPTER VIII 

The Graduation op the Instrument 

In this section a question will be considered which is very largely 
a matter of physics in that it is concerned with the graduation of the 
telephone apparatus employed in all my hearing acuity tests. The 
question is of vital importance. Indeed, the exact graduation of 
the instrument employed in a hearing test should be the chief con- 
cern of an experimenter, and particularly is this true, when an 
attempt is made to state conclusions in terms of interchangeable 
units. Studies of hearing acuity in which the telephone method 
has been used, and in which there has been an attempt to translate 
the auditory acuity of subjects measured .into terms of physical 
units, have been few indeed. Ferrais,^ Preece^ and Tait* were 
satisfied to record their conclusions in terms of the fraction of an 
ampere required to produce an auditory sensation. On the other 
hand Eayleigh,* Wien,*^ Kempf-Hartmann® and Jackson^ have trans- 
lated their data into terms of ergs (centimeter-gram-seconds). 
Kempf-Hartmann and Jackson employed a reflecting mirror device 
for measuring the excursion of the telephone plate, a method which 
permitted of readings down to an excursion of 0.2 mm. only. Wien 
and Eayleigh's writings, therefore, alone are of interest as being 
historically connected with that of mine. 

Lord Rayleigh reported some experiments on the sensitivity of 
the telephone as an instrument for producing delicate shades of 
difference in the intensity of tones, while Wien employed a tele- 
phone in his experiments on the relative sensitivity of the ear for 
tones of different pitch values. Lord Eayleigh, by measuring micro- 
scopically the excursion of a telephone plate under varying condi- 
tions of electrical current, discovered that a telephone of the 
unipolar variety is capable of registering differences in sound in- 
tensity as small as a galvanometer of the same number of windings 
of wire in the solenoid is capable of recording. By inference Lord 

^Atti della JB. Acad. d. 8ci. di Torino, 13: 1024. 1877. 

'Report Brit, Asm, (Manchester), 1887; 611. 

'Edin. Proc, 9: 661. 

*Phil. Mag. 38: 286, 296. 1894. 

^Armal d. Phyaik, 4: 466. 1901; PfMger'a Arch. 97: 1. 1904. 

""Annal d. Phyaik, 8: 481. 1902. 

V. of Philoa., Psychol, etc. 3: 602. 1906. 
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Burleigh eonehided that the current changes are at onee proper* 
tional to the force of the resulting sound waves and that to measure 
the intensity of a sound wave leaving a telephone it is necessary 
only to have a measure of the strength of the electrical current used 
in generating it. It was this extreme sensitivity of the telephone, 
which places it on a par witlw the galvanometer, that influenced me 
to employ it in the measurements of the hearing of primitive peoples. 
Wien, after verifying Lord Rayleigh's results with several tdo- 
phones, derived a formula whereby the energy emitted by a tele- 
phone plate in vibration, is stated in terms of the extent of the 
ezeorsion of its middle point. 

In a hearing test it is always desirable to have the unit of meas> 
urement as accurately defined as possible. Acoustically, the unit 
is defined as the quantity of sound energy passing a square unit 
surface (usually 1 sq. cm.), perpendicular to the line of a sound 
wave's progression, in a unit of time (1 second). Likewise, the 
intensity of a sound at any distance from a sonorous body is ex- 
presKd in the following algebraical formula:* 



E^^p.a.x(^^yxA\ 



where ^'f is the intensity of the sound in ergs; "p'^ the density 
of the medium through which the sound passes; "a'* the velocity of 
sound's propagation in air at 0** C; "L" the length of a single 
sound wave; and '*A" the amplitude of the sound wave's vibra- 
tion.» 

In the formula, the "A*' is a factor whose value it is always 
difficult to sscertain. Either the qusntity of sound energy leaving 
the sounding body must be known or the degree of condensation at 
some point distant from the source must be measured. 

Wien'* used both methods, employing the latter as a check to the 
former. In the determination of the value of ''A" at a distance 
from the source of sound the condensation was messured by observ* 
ing the effect of a sound wave on a rubber membrane stretched 
seross a resonstor pitched to respond to the tone of the sounding 
source. But the method can not be said to be very accurate. It k 
simpler to express the intensity directly in terms of the quantity of 
energy leaving a sonorous center— if this quantity can be de- 

'RttjWich, " Theory of Sound,** Vol. II., p. 46S. 

*TV factor Indicmtiiiff the decline in eound intensity with distanoe from 
•onad touree hmm heen purposely omitted, for the rMsoB that the rate of deeliat 
b etill an lujettlcd question. The hest authorities seem to fATor a decrease 
dirwtly as the distance. 8f« Webster. BoltimanaFestachrift, ISOi, p. SSS. 

•IVfilper's Arch, S7: 30. 1903. 
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termined— and to compute from this the amount passing any given 
area at a point removed from it. 

Instead of using the quantity of energy, it is customary in 
acoustics to express the force of a sound wave in terms of its con- 
densation. For the convenience of the reader in the discussions 
which follow, I shall employ both figures. 

Helmholtz established certain formulae, whereby the intensity of 
sound emanating from circular vibrating membranes, with firmly 
clamped edges, can be calculated. One of these formulae was 
adapted to a membrane of the character of that found in a tele- 
phone receiver by Wien,^^ if the instrument is of the unipolar type, 
in which event it is presumed to emit longitudinal sound waves of 
the sinus variety. The formula expressed algebraically is, 

A = 0.U7 X — i X ^^ ^—5 

Where "A'' represents the condensation; ^^K" a constant, the cor- 
rection for specific heat; ''c'' the rate of propagation of sound in 
air at the temperature obtaining when the measure is made; ^'N^' 
the vibration frequency of the tone emitted; "E'' the radius of the 
telephone plate, freely vibrating; "d'' the distance between the 
telephone and the ear of the observer; and ''a'' the maximum extent 
of the excursion of the middle point of the telephone plate. Of 
these factors, the value oi^'K'' may be computed once for all from 
the familiar formulae for temperature corrections;^* the values of 
^^c," ^^d," ^^N^' and ^^R'' also may be either directly measured or 
computed, leaving only the value of "a'' for various sound intensi- 
ties to oflfer any serious problem. This value necessarily must be 
measured independently for every variation in the intensity of tones 
employed. The derivation of the formula involves some complicated 
mathematical deductions which I shall not attempt to elaborate. 
Its value and general utility in a hearing acuity test where condi- 
tions make it advisable to employ a telephone for producing the 
auditory stimuli, are obvious. The hearing data to be hereafter 
presented have been computed from it. For purposes of pointing 
out individual differences, however, its validity is inessential, inas- 
much as in any case the figure representing the condensation is 
directly proportional to the amplitude of excursion of the middle 
point of the telephone plate. 

If, instead of the condensation, it is desired to know the actual 
quantity of energy passing a square centimeter area perpendicular 

^Loc. cit,, p. 46. 

"Wiillner's "Experimental Physik," Bd. 1, b. 928. 1804; and Phil Mag. 
88: 256. 1894. 
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to the line of a sound wave's progrression at any distance from its 
source, it may be found directly from the fi^re giving the con- 
densation. According to Lord Rayleigh,'* the sound energy passing 
a unit area is equal to: 

Where ''p" is the density of air (.00129 gm.) ''a," is the 
Telocity of sound in air as above, ''A'' is the condensation and "f 
is a constant representing the correction for specific heat 

Conditions were wholly unsuited for graduating the hearing in- 
strument at the Exposition, but I felt that no inaccuracy would 
result in case the graduations were made at some subsequent time, 
if only the electrical conditions might be reproduced to correspond 
exactly with the originals for each hearing measure taken. In 
making the original records of the hearing acuity of the different 
individuals, therefore, I registered the data in terms of the position 
of the secondary coil as regards its distance from the primary of an 
induction circuit also making record at the same time of the char- 
acter of the electric current that I was employing. The latter record 
was made in both amperes and volts, a Weston voltrammeter being 
used for the purpose. 

The problem of the measurements of the excursion of the tele- 
phone plate is one of no small concern. Indeed, it is a task of great 
difficulty and one that must be approached with patience and more 
than ordinary precision of method, if the error of measurement is 
to be kept within workable limits. Like Lord Rayleigh and Max 
Wien, I made these measurements with the aid of a compound 
microscope. The method was as follows : To the center of the tele- 
phone plate was fixed a finely drawn out glass tube, to serve as an 
object upon which to focus the microscope. In order to clarify the 
image in the microscope, the tip of the glass tubing was first dipped 
into some red ink, which caused the red point to stand out clearly 
in the field of view. The tube was then attached to the telephone 
plate by setting it into a drop of shellac, which when dry presents 
a hard and inelastic adhesive, and which will transmit vibrations in 
exactly the same form in which they are received. At first an 
attempt was made to do the measuring with an ordinary compound 
microscope by mounting the telephone receiver in such a way as to 
allow the glass tubing to extend horisontally under the ocular of 
the microscope. But on account of the constant vibratory move> 
ments which the glass rod executed, even in the absence of an eleetrie 

"-n^wy of Sooad." Vol. 11.. p. 4$9. 
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eoirent, the me of the vertical type of mieroeeope had to be aban- 
doned. I then selected a Boaeh and Lomb demonstimting microacope 
which I mounted horiiontally into a maM of plaster of Pana» and 
into the same maai I mounted the telephone receiver with the fflaaa 
rod ext<*nding downward in auch a way that the tip of the tubinit 
waa in the microscopic field of view. The microacope was fitted 
with a No. 1 ocular and Vis objective, which gave a magnification 
var>'ing only by a small fraction from 500 diameten. The ocular 
waa supplie<l with a micrometer scale, making it poasible to make 
readingn which might be translated directly into micromilliroeterm. 

Even with the precautions just indicated, it was found that satis- 
factory measurements in a down-town building were impossible, 
owing to the jam and vibrations srising from traffic on the streets 
below, which affected the movementa of the glaas filament mounted 
upon the telephone diaphragm. I therefore removed the entire 
apparatus to a place in the country, wholly free from all external 
disturbances. 

It had not oecurred to me, when measuring the hearing of the 
peoples at the Exposition, that for the threshold of bearing of an 
individual with onlinar>' acuity, an excursion of the diaphragm of 
the telephone would suffice, which measured no more than 0.00000016 
centim«*teni ; a dintanct*. indeinl, m small as to exceed optical possi- 
bilities of measurt*ment, and necensarily, beyond the measuring 
capacity of the m<«t powerful micnjscopes. This, then, was a aerions 
situation. Except for the lower acuity values, the measurement of 
the exenrmion of the telephone membrane would be either wholly 
impoiwible or accurate within the region of a large probable error. 
Moreover, when the limits of the powem of the compound microscope 
are exeee<le<l, other, reflectinif. devices are even more uselras. A way 
to cirrumvent this difficulty finally presenteti itself to roe—what may 
be designate<l as s nieth<M| of extrapolation. This method consssteii 
in msking micnmcopical measurements for those positions of the 
seeondsry ct»il where it was po««iible to do so accurately with the 
electrical currents ss they obtsine<l st the Exposition, while the 
bearing reeords were being ma^le, and. for other positions of the see- 
ondsry coil, to increase the eleetric current to the point where it 
was p<*<siible ti> mske satisfactory micrrwr^^pic measurements. This 
methoti wa* pnmue*! for every vsriatic»n in eleetric current that was 
empl(^ve«l in the hearing tests. 

In the first e«»lunin of the table on psge 81. are tabulated these 
measuren cf the rxcunii<»n of tht* telrph<»ne plate for the different 
positiitnn of the •#»cf»ndsr>* c<»il. whrn a current strength of 1.9 volt 
and 0.5 amperv* was empl(»yfd. l*nder such cooditioos of current 
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it will be seen it was poesible to make microscopic meaanrementa for 
poaitiona of the aecondary coil from 1 to 12 only, the figure "1" 
here indicating that the aecondary coil is removed from the position 
0, or that in which the primary coil is wholly within the secondary, 
by one centimeter. The position 10 indicates that the secondary 
eoil is removed by 10 centimeters from the zero position, and so on. 
Beyond the reading 12, the diaphragm excursions were so small that 
they could not be accurately evaluated from the readings on the 
micrometer scale. In point of fact for the position 12 the excursion 
amounted to 0.000045 centimeter only, which extended over only 
about one fifth of a single space on the micrometer scale of the 
eye-piece of the microscope, and is about as small as can be measured 
with much certainty. 

Each figure given in the table is the average of at least five inde- 
pendent readings. Frequently, too wide discrepancies appeared in 
the separate readings, in which event the measurements were re- 
peated until a certain degree of harmony was found among thent 
It is unnecessary to give in detail the several individual measure- 
ments from which the averages given in the table were made, and 
inasmuch as some twenty different strengths of electrical current 
were used in the original hearing records, the tabulations of all 
would alone cover too many pages. The inconstancy in electrical 
current arose from the fact that it was impossible to keep the storage 
batteries, which supplitHl the current, up to full strength from day 
to day. No inaccuracy, however, need result from this except that 
which might be occasioned by certain errors of observation in dif- 
ferent microscopical measurements, which need not, in any case, 
exceed 10 per cent., as will appear from the data which will shortly 
be presented. Only a very few of the hearing reconls taken were 
found to be so poor that a current intensity of such strength was 
required as that represented by the 8 or 10 position of the secondary 
eoil in the induction circuit. Since the excursion of the center of 
the telephone plate for positions of the secondary* coil further re- 
moved than 12 could not be measured din»ctly under normal current 
conditions as they obtaine<l at the Exposition (r=1.9; ^4=0.5), 
the value of the excursion for these subsequent positions had to be 
derived indirectly, as suggeste<l above. 

First, I increaseil the intensity of the current in the primary 
circuit to a voltage of 10.0 and an amperage of 0.5; and repeated 
the measurements as before. This stronger electrical current was 
drawn from the main of an electric light conduit. n*sistance in the 
ahape of incandesoi*nt lamps l>eing place<I in series with this circuit 
to reduce it to the required strength. With a current of this in- 
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tensity, it was possible to continue the measurements uctil the sec- 
ondary coil reached the position 19. It was found that the excur- 
sions of the telephone plate for a current strength o^ 10 volts were 
approximately seven times (6.72) those when the voltage was 1.9. 
The readings for this current intensity are to be found in the second 
column of the table on page 81. If now the microscopical readings 
of the excursion of the middle part of the telephone plate for this 
strength of the electrical current (10 volts) is divided by this figure 
(6.72) the readings should correspond with those obtained from the 
weaker current. It is significant that in no case does a result so 
obtained differ by more than 10 per cent, from its corresponding one 
to be found in the first column. This indicates that the method 
gives results which are accurate, at least, to within 10 per cent. 
With this stronger current, for the first position of the secondary 
coil, the oscillations of the glass tip were so violent as to extend too 
far beyond the micrometer scale of the ocular to be read. Beyond 
the position, 19, the extent of excursion on the contrary was again 
too small for measurement. For positions beyond this point the 
strength of the electrical current had again to be increased; the 
current in the primary circuit being raised to a voltage of 107 and 
an amperage of 1.1. This was about as powerful a current as I 
felt justified in sending through a wire of the dimensions of that 
with which my primary coil was wound, owing to the danger of 
burning oflf the insulations. The microscopic readings with this cur- 
rent intensity are to be found in column three of the table on page 
81. Excursions of the telephone plate corresponding to positions 
of the secondary coil nearer* than 12, it was again impossible to 
measure, inasmuch as the extent of its oscillations exceeded the 
limits of the micrometer scale. At the other end, microscopic meas- 
urements were possible to the position of 64 of the secondary coil, 
that is, until the secondary was removed from the primary coil to a 
distance of 64 centimeters. There remained about twenty-one of 
the hearing records of whites and one of Indians in which the sec- 
ondary coil was beyond this point. The excursions for the remain- 
ing positions of the secondary coil, therefore, had to be gotten by 
some other method. Two su^ested themselves. 

The first of these subsidiary methods was based on the experi- 
mental conclusions reached by Lord Eayleigh^* and Wien^' to the 
effect that a telephone is as sensitive to changes in electrical poten- 
tial as an ordinary galvanometer is capable of measuring, especially 
as regards small currents. In keeping with this method, I selected 

^*Phil Mag. 88: 287. 1894. 
''Pflager'8 Arch. 97: 11. 1903. 
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ten intelligent subjects— boys 12 to 14 years old— for whom I 
determined the average current intensity necessary to produce a tone 
of threshold value for all positions of the secondary coil from 10 to 
75 centimeters removed from the primary. If, according to Lord 
Bayleigh,^* the excursion of the middle point of the telephone pUte 
is directly proportional to the electromotive force, the excursion of 
the telephone plate for positions of the secondary coil where micro- 
scopical measurements are impossible may be computed. 

In detail, the mode of procedure was as follows: The secondary 
eoil was placed 10 centimeters removed from the zero position and 
the current passing through the primary circuit uniformly without 
resistance (F = 5.0; ^1 = 0.5) was reduced by placing resistance in 
the circuit until the threshold of hearing was reached for each of 
the subjects. A record was then made of the number of ohms of 
resistance required.^^ Then, in order, the same procedure was fol- 
lowed for other positions of the secondary coil up to 75. It seems 
scarcely necessary to present all these data in detail. In point of 
fact, the method was not extremely accurate, due no doubt in a 
large measure to variations in the attentive capacity of my youthful 
subjects from moment to moment, hour to hour, and from day to 
day. In general, however, the data 8ecure<l were such as to justify 
a favorable conviction relative to the accuracy of the main method 
employed, for while the variations between the two methods were 
considerable, the figures gotten from the latter method followed along 
the same line as those from the first. 

The second subsidiary method was based on the assumption that 
the law of the decrease of the intensiiy in the secondary circuit of 
an induction coil holds uniformly, as the two circuits are separated 
more and more widely. That is, by determining the ratios of the 
excursion of the telephone plate for the several positions of the 
secondary coil nearer to the primary than 64 centimeters, and thus 
determining the rate of the fall, it was assumed that with a method 
of extrapolation the excursion of the telephone plate for positions 
of the secondary coil farther removed from the primary than 64 
centimeters could be calculated with a fair degree of accuracy.^* 

If we take the telephone excursions as they appear in the third 
column of the table on page 81. where the strongest electrical poten- 
tial prevailed, and divide the excursion of the telephone plate for 

-X^. Hi,, p. 287. 

" The rMistance cotlt uiied were th<Mie of a ttAiuUniijed box, kindly losaed 
to mt from one of the phjiietl lAbormtories. 

^ For posltiont of the eecondmry coil 16 and beyond, the primary was 
wholly oataide the eecondary coil, and cootequently it would be unreaaonabla 
to belitTo that there would be any change in the law of fall for thcae poeitiosa. 
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the position of the secondary coil, 44, by that for the position 42, 
and that for the position 46 by the excursion for the position 44, 
etc., until the last measurable position 64 is reached, the general 
fractional rate of decline in excursion is found. I present the sepa- 
rate figures: 



.00012 /.00013 0.93 

.00011 /.00012 0.92 

.000096/.00011 0.87 

.000086/.000096 0.91 

.000079/.000086 0.92 

.000069/.000079 0.87 



.000064/.000069 0.93 

.000058/.000064 0.91 

.000062/.000058 0.90 

.000049/.000052 0.94 

.000046/.000049 0.92 

Ayerage rate of decline . . 0.91 



As stated above, if it is assumed that the rate of decline for the 
last five positions of the secondary coil is the same as for the eleven 
just preceding as indicated in the data given, it becomes necessary 
only to multiply the excursion 0.000045 centimeter of the 64 position 
by 0.91 to have the excursion for the position 66, and hence the 
excursion of the telephone plate for this position would be 0.000041 
centimeter under the conditions of current as they obtained in the 
readings of the third column. Multiplying 0.000041 centimeter by 
0.91 we get 0.000037 centimeter as the excursion of the telephone 
plate for the position 68. Continuing the same process, the excur- 
sion for position 70 is 0.000034 centimeter; for position 72, 0.000032 
centimeter, and for position 75, allowing for the increase in interval, 
0.000028 centuneter. 

It may be noticed that for the positions of the secondary coil 
removed, respectively, 10, 11 and 12 centimeters from the primary, 
microscopic readings were secured for three different current intensi- 
ties. The figures given in the table for each of these positions of 
the secondary coil, moreover, are the averages of at least 10 inde- 
pendent microscopical readii^s. Especial care was observed at 
these positions in order to afford an accurate basis for determining 
the ratio of excursion of the telephone plate for the three intensities 
of electrical current used. In Series II., where the voltage was 10, 
amperage 0.5, the excursion of the telephone plate on the average 
was 6.72 times as large as in Series I., where the voltage was 1.9, 
amperage 0.5, and in Series III., where the voltage was 107, am- 
perage 1.1, an excursion on the average resulted which was about 
27.8 times as large as in Series II., and just about 187 times as lai^e 
an excursion as in Series I. When allowance is made at these posi- 
tions (10, 11 and 12) for differences in current strength, that is, in 
case the telephone plate's excursion for positions 10, 11 and 12 of 
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TABLE XIII 
ExcuBsioHs or the Telxpboxs Platk roft Dutebkht Cubudct Stbkicotiis 
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23 


'0.00077 1 


58 


0.000056 
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0.0036 


0.023 


1 


24 


0.00064 


60 


0.000052 
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0.0015 


0.009 
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0.005 
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0.0024 
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the «»condary coil, in St'ries II. are divided by 6.72 and in Series III. 
by 187, the results appear as in the following 8ummar>' : 

TELEPII05B PlATV'S EXCI'MIOX 



rtMltloaof 
SMoed 



10 
11 
12 



»wim I 



GrMUrorUti 
110.71 UiAola 

8«rlctl 



8m1m III1«7 



OrMitMorIi 
tkaa la 
I 



0.000093 cm. 0.000094 cm. 1.0 per cent 0.000085 cm.! 8.7poro«BL 
0.0000ft4 ** O.OnoOftS •* 6.2 •' 0.000(»69 •• 7.8 " 

0.000O45 •• 0.000042 ** 6.7 ** 0.000043 •• 4.5 ** 



Averife differatice beCwoon wriot 4.6 



7.0 



Series II. and III. have 10 readinfri in common, for poaitions of 
the secondary coil from 10 to 19. Comparin^r Series II. with Series 
III., that is, by dividing the excursions of the telephone plate in 
Series III. for p<iKitioiui 10, 11 and 12. to 19 of the secondary coil 
by 27.8, we get the nvults in the summar>' Ih»1ow. 

From the data just i*xhibite<l, it is poKsible to determine what 
defrree of accuracy may In* l(N>ketl for with reference to the method 
of extrapolation here employeil. It is seen that the average differ* 
ence in result between the microscopical measurements of the tele- 
phone plate with the electrical current as it obtained at the Ezpoti- 
tioD (voltage 1.9; amperage 0.3) and the next stronger curreDt 
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TwuEtnoitm Plats** ExcrmoH 
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0.00011 •• 
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0.000073 " 


0.000076 




4.1 






0.000063 ** 


aoooooo 




4.6 





▲▼<r«f» difltrmc* bt t wt f two 



4.6 



(TolUge 10; amperaire 0.5) was only 4.6 per oeot Between the 
weaker electrical current and the moat powerful one emplojed in 
the work of frraduation (voltaire 107; amperai^e 1.1) the avera^ 
difference in the result of microscopical measurementi amounted to 
7.0 per cent and for the 10 different readings for identical positions 
of the secondary coil, when the second and hifcbest eleetrieal currents 
were employed, the average difference in result was only 4.6 per 
cent It is likewise worthy of note that the difference between the 
readings for the same p<isition of the secondary coil, but with dif- 
ferent electrical potentials, in no case exceeded 9 per cent. It ia, 
therefore, safe to assume that the microscopical readings for the 
excursion of the telephone piste ss recortled in the third column of 
the tabl«> on page HI, are reliable within 10 per cent at the outside. 
Indeed, it is also safe to assume that the corrected figum repraent- 
in^ the actual excureions of the telephone piste for the current 
strenirths us*^l in the measunnnents of auditory acuity do not differ 
from the true values by more than 10 per cent. 

Knowing the excumion of the t<*lephone plate caused by an elec- 
trical cum*nt of 107 v(»lts, 1.1 amp«*rr ft>r every poaition of the 
secondsr>' coil as sppeam in column III. of the table on page 81 
and knowing also from rvailings of threi* identical positioos of the 
secondsr>* ci»il the excess in excumion prtiduced by the current in- 
tensity jiiKt noted, over thst normally obtaining when the bearing 
records were msde <" voltage 1.9; amperage 0.5) it is simply s matter 
of arithm«-tic to determin«* the setusl extent of excursion of the tele- 
phone piste corresfM»nding to esch of the original hearinir reeords 
made. By dividing the vslu«^ tonmi in column III. of the table 
(page 81 ■ by 1^7, the c*»m^t»^l vs1u»mi corresp4>nding to s eurrmt 
strength of 1.9 volts; 0.5 smpen*. sre «ecumi for every position of 
the •Pc«»n<Ur>- coil fn»m 1 to I'i. The«*e sre given in Table XIV. 
below. Inasmuch a» an intrnrnty of mund rvpreaented by a posi- 
tion of the srcomlary coil n«*arer to the primary than 14 ccntimelen 
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was not required for any subject tested, values for positions of the 
secondary coil nearer to the primary than this were omitted from 
the tabulations. 

It will be observed that while the secondary coil was nearer to 
the primary than 27 centimeters readings were made at intervals of 
one centimeter, but for positions of the secondary coil more distant, 
graduations were made only at intervals of 2 centimeters. This plan 
was followed since obviously the fall of electrical potential along the 
induction circuit is not directly as the distance. Indeed, it falls very 
much more rapidly than this, and while the change from graduations 
at intervals of one centimeter to graduations at intervals of two cen- 
timeters does not equate the steps, it does serve to keep the records 
from being too widely dispersed at the upper end of the curve. The 
matter of inequality in steps, however, injects no inaccuracy into the 
final results, so long as basically the values of each position are accu- 
rately determined. And, since each position in these tests receives its 
value in ergs of sound energy emitted or centimeter-seconds of con- 
densation of the sound wave, the question of the number of steps to 
be made in the tests acts as a matter of convenience in manipulation 
only. It would make but an insignificant difference in the average 
of any group whether graduations had been made at intervals of 
1 or 2 or 5 centimeters. 

The excursions of the telephone plate (a), corrected as outlined 
above for an electrical current of 1.9 volts, and 0.5 ampere, appear 
in the second column of Table XIV., on page 83. In the third 
column are given the values of the condensations (A) computed from 
Wien's formula^® already given, namely, 

A = 0.147 X -1 X ^^ 3 • 

cr d 

"These formulae call for certain measurements relative to the values of 
"A;," **o," '*N;' "12," "a," "p," and "d," respectively. **fc," which represents 
the temperature coefficient, is a constant found from the well-known formula 
of Keyser {Phil Mag, 38: 256. 1894). "o" stands for the velocity of sound 
in air at the temperature prevailing when the graduations were made. In the* 
experiments under consideration its value was taken as 340.2 M. The radius 
of the free vibrating area of the telephone plate measured 2.24 cm. The sev- 
eral values of "a/' the excursion of the telephone plate at its middle point, 
appear in the second column of the table. The distance between the ear and 
the center of the telephone plate ** d '* throughout the entire series of hearing 
tests was uniformly 100 cm. However, inasmuch as the ear was sealed into 
one end of a tube and the telephone into the other, both to a large extent air 
tight, a value of one centimeter was assigned to this distance. Indeed, it is 
improbable that the loss of energy in a sealed tube would be any considerable 
quantity for such a short distance of propagation. The value of "p," the 
temperature coefficient, is 0.00128. "N" equaled 500 D. V. 
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In the fourth ooltimn are given the valaet in ergi (eentimeter-gram 
•eoondi) of the quantity of aonorona energy paanng a aqnare eenti* 
meter area perpendicular to the line of the aoond wave 'a progreauon. 
The latter are computed from Lord Bayleigh'a formula already 
given, namely, 



CHAPTER IX 

Method op Cokductino Tnr 

All the measareroenU for limple aaditory acaitj were made in 
the tound room/ and conaequently ander conditioiii, the most 
favorable for qaiet that it waa poaaible to teeure at the Ezpoaition. 
In order to obtain a correct eatiniate of an indiridoal'a hearing, it 
ia very easential that the test be conducted under cireumatanecs aa 
favorable as poaBible. It ia difficult to keep the attention foeuaed 
on faint stimuli, no matter throuirfa which aenae avenue thej are 
received, but faint auditory stimuli are especiallj eluaive. Fatigue 
of the auditory sense organ results after a moment of stimulatioii, 
so that even under the most favorable adjustment of external eondi- 
tiona, it is not possible to continue an auditory test longer than 
four or five minutes, even with a subject of far more than averaire 
intelligence. Hallucinations enter ss very disturbing factors. It 
ia a commtm observstion with those who have made testa of the 
hearing of both children and adults to find that the individual 
vigorouHly asserts thst he hears the sound used as a stimulus even 
though the source has been entirely removed. This is especially 
true of continuous tones, or such as follow in a rhythmical order, 
aa the ticking of a watch, or the regular falling of water dropa. 

Faint auditor}- srnsstions are likewise subject to decided illusory 
effects. Any extranei»us noises sre spt to be interpreted ss the 
tone to which the subject is expectantly attending. Such noiaca 
aa are pHxluceil by the scraping of the feet in walking over an 
earthen, brick or cement floor are especially likely to be heard 
aa the stimulus to which the subject is directing his attention, if 
a metallic click is the stimulus employed. Noises from the street 
act in the same way. Thc«e things which tend to be distracting 
elements with sdult Whites sre bound to be emphatically so in 
teats on primitive peoples sn^l younger children, whose power of 
attention it weaker, and who are, conse(|uently, more eaaily dia* 
tracte<l and are unable to single out one from among a number of 
somewhat limilsr stimuli which they will hold at the foeua of at- 
tention. 

To i>verp<»mf «» far ss possible the error which might creep in« 
on scc«>unt of th«* elements just enumerateti. a check method sog- 

* For A <l<«KTipti<« of this booich tb* rm«Wr U nitmd to iIm fooCaoCs oa 
pagtSO 

U 
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getted by Professor Cattell was introdaced. This consisted in Iiat* 
ing the subject interpret and give back what he received. The test 
in consequence is a little more than a measure of pure sensation ~ if 
a measure of pure sensation is ever possible. Instead of presenting 
the "makes and breaks" in rapid succession without reference to 
number or manner, as is ordinarily done with the telegraph key, 
or the **make and break'* mechanism of the Seashore audiometer, 
I gave the stimuli in groups or rhythms; that is, a series might 
be presented in which two clicks in rapid succession would be fol- 
lowed by a pause of two seconds, the two clicks repeated and so 
on. Or, the series might be given in singles or in groups of three 
clicks followed by a rest of a couple of seconds. On4[>hically, the 
series might be pppresentetl as follows: --,,,--,,,--,,,--,,, etc., 
in which the dashes reprost*nt the ortler of the stimuli and the 
commas, pauses or silence. A group of three clicks would be repre> 
sented by the following scheme: — ,,,, — ,,,, — ,,,, — ,,,» 
etc., and a rhythm of single clicks by the following: -,,,,-,»,»• 
f f «•->>•>- f * • • ^tc. I pursued no set order of presenting the series, 
so that it might not be possible for the subject to anticipate the 
answer which he would be expecte<l to give. 

The number of clicks to a group, I found, had to be limited to 
three. I discovered that many of the primitive peoples were unable 
to count the stimuli following each other as rapidly as did these 
with any degree of facility in groups larger than two or three. 
Children, too, I afterward learned, can catch a rhythm of three 
but experience difficulty with one of four or five. 

Such a method of presenting the stimuli, as has just been indi* 
eated, in a manner supplies the deficiencies arising from the neces- 
sity of employing non-significant stimuli in testing hearing. 
Indeed, to a considerable degree, the test is one of which the elements 
are significant; that character being attached to them by the count- 
ing operation. The test, morwver, has other advantages. It does 
away with the necessity of depending upon the cooperation of the 
subject— a necemity present in almost all other methods for measur- 
ing hearing. It presents something tangible, as it were, for the 
attention to attach itself to. The subject, when the ordinary 
methods are followed, finds that as the sensation becomes increas- 
ingly more faint, it is impossible for him to organisse his mental 
processes to the extent of arriving at a certain conviction as to 
whether he actually hears the tone or not. Where the method of 
reproduction is followed, this element of uncertainty does not, in 
any way, enter into the results. 

In all cases, I chose as the threshold that point where the subject 
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failed to indicmte acearatelj the charmeter of the stimali prMented. 
In the oeiirfaborfaood of the threshold valaes, I iii«de it a point to 
vmiy the character of the tUmulation frpquentlj without ehanginff 
its intenaitj. Thui was done to make certain that the snbjeet'a 
rwponseB were not pure guevea. It was found, however, that in 
ease of almost all persona, there ia a aubconseioua eraluation girtn to 
such estimates which are whollj valid. When the subject stated 
that he was uncertain as to the character of the sensation, whether 
the ticka came in twos, threes or ones, he wss told to express a 
judinnent and it so happened that frequently the aubject judged 
correctly every variation made with a fciven intenaity although be 
asserte<l that his estimations were in every case pure i 



CHAPTER X 

Rehults 

The nature of the data as rpf^irdB auditory acuity is such as to 
make them aotnewhat difficult to present intellifipbly. These data 
relating specifically to auditory acuity are given both in terms of the 
condensation of the sound wave leaving the telephone and the aetoal 
energy in ergs (centimeter-gram-seconds) exerted by the sound wave 
over a square centimeter of surface at the same point. Since the 
energy required to produce a tone of threshold value, in an ear of 
ordinary sensitivity, amounts to lesn than a ten-millionth part of an 
erg, it is at once clear that the data we are working with are compre- 
hensible, popularly, only in mathematical terms. The data to be 
presented, however, are to be employed for comparative purposes 
only, so that the absolute values are, relatively, of insignificant mo- 
ment. To know that one group of people possesses a hearing sensi- 
tivity two, or ten, or one hundred times as great as another, does not 
call for an understanding of the absolute unit used, if only the nnit 
remains constant fn)m one series of measurements to another, and 
besides, possesses the ad<Iitive character. The figura representing 
the condensation as well as the actual quantity of sound energy being 
dispersed fulfill both re(|uirements, and hence no inaccuracy will 
result if the reader ignores the fractional factor altogether, and 
thinks of the results in terms of the first part of the figure only, e. g., 
in iermn of •'1.4" instead of •*1.4 X lOV'* And in the eyes of 
many readers such a method of interpreting the complex data which 
follow, will contribute both to their elearn(*ss and ease of compre- 
hension.^ 

In Table XV. are presenteil these figures in detail, indicating the 
race; number of cases includtnl in the average; the average result. 
state<l in terms of atm<Mpht*n>s of pressure, and ergs (centimeter- 
gram-stHHinds) ; the avi»nigi* d<*viation from this average: and the 
standanl dt*viation. Fn»m the latter, it is possible to compute di- 
rectly any other measures of the variability that may be desired. 
The data are jriven for l)oth the riirht and the left ear. A word, 
perhaps, is neoi^ssarj' eonreming the make-up of the respective 
groups. For a test of this kind, as was note<l in connection with the 

' For (IrUiU rtUtins to the phyaicml irnuluatioB of the Infltmnwat cm* 
ploynl in the acuity trat, the rrader ii referred to Chapter VIII. 
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data on the upper threshold of hearing, already presented, it was 
thought best to reject those individual hearing records where there 
was definite reason to believe that the case was one of pathological 
hearing. In pursuance of this, therefore, I rejected in this series of 
measurements the data from every person who consciously had ex- 
perienced difficulty in hearing. Obviously, so long as the rejections 
follow some consistent plan, no inaccuracy need result and I do not 

TABLE XV 

AUDFTOBT ACUITT 

In Terms of the Condensation of the Sound Wave Lea/ving the Instrument 
and also in Terms of the Energy in Ergs Leaving the Same 





Bight Ear 


Left Ear 




No. of 
Gases 


ATerage 
A = l(r* 


A D. 


S.D. 


ATerage 
-K= 10-' ergs 


Arerage 
A = l(r» 


A D. 


8.D. 


Arerage 
-K= 10-' ergs 


Whites. 

Indians 
(School)... 

Filipinos 

Cocopa In- 
dians 

Vancouver 
Indians 

Pata^onian 
Indians 

Ainu 


151 

64 
137 

10 

7 

3 

8 
5 


5.6 

7.5 
24.2 

7.3 

10.01 

12.3 
18.1 
10.3 


3.85 

3.63 
14.57 

2.86 

5.01 

8.43 

11.64 

3.55 


5.02 

5.18 
18.30 

3.49 

5.69 

8.97 

16.38 

4.44 


7.9 

14.2 
147.8 

16.01 

38.1 

38.1 
82.7 
26.8 


7.2 

8.5 
26.6 

9.0 

10.03 

17.0 

17.1 

7.5 


5.06 

4.09 
14.46 

5.30 

5.95 

8.59 
8.71 
1.24 


5.09 

5.79 
17.81 

6.34 

6.66 

9.57 

11.36 

1.32 


13.2 

18.2 
178.6 

30.2 

36.5 

73.0 
73.4 


Pigmies 


14.2 



A = condensation of sound wave at the instrument. 

E = energy in ergs of sound wave leaving the instrument. 

A. D. = average deviation. 

S. D. = standard or the mean square deviation. 



TABLE XVI 
AuDiTOBT Acuity 

In obtaining the averages given in this table, the lowest 25 per cent, and 
the highest 25 per cent, of each group were omitted, leaving only the middle 
half. 



Right Ear 


Left Ear 




No. of 
Gases 


Arerage 
A=10-* 


AD. 


Arerage 

^=10-' 

ergs 


Arerage 
A=10-* 


AD. 


Arerage 
ergs 


Whites 

Indians 

Filipinos..... 


78 
33 
81 


3.9 

6.1 

16.5 


0.922 

L40 

5.29 


3.84 

9.61 

68.73 


4.9 
5.0 

18.8 


1.33 
1.03 
6.02 


6.06 

6.31 

89.21 



A = the condensation of the sound wave at the instrument. 
E = the energy of the sound wave in ergs per square centimeter area 
leaving the instrument. 
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think that the rpj(*ction of the records of some twenty indiyidaala, 
for the reason indicatod, influenced the character of the retolta 
otherwiiie than to raiae the averaf^ for each group to an appre- 
ciable extent. For such lan^ groups as those of the Whites, In- 
dians, or the Filipinos, a sifting? of the records, perhaps, would have 
been unneceasar>% but in case of some of the smaller groupa, with 
fewer than ten individuals, any one specially poor record would 









TABLE XVH 














RlQHT EaS 




8ho^ng tk0 DUtribuiion of 


the Indiridual* %tiik Renpect to 


Auditory Acuity 


8mMI. j 


1 

WhlUt 


IndlMW 
(from 


FUlplDot /;*52J ^"ISr 


Pbu- 

goalan 


Alaa 


ngBf 


A - ^ !*-• ' 




School) 


1 •■•••« indUM 


iBdUat 






1.4 


1 




, 








1.5 1 


3 




1 








1.6 






j 








1.8 






' 








1.9 ' 




1 


1 








11 




1 










13 




2 










2.5 




I 


3 








2.8 




3 


1 








10 


13 


2 


2 








13 




2 


3 1 1 








3.6 




2 


3 : 








4.0 






2 ; 2 




1 I 


4.5 






2 1 




1 




5.0 






2 . 


1 






5.5 






2 




1 




6.2 






4 j 4 1 






2 


7.1 


ft 


4 


5 • 


1 






11 


• 


- 


, « ; 1 








11 




5 


1 2 






1 


10.4 






7 1 




11.9 


5 


4 


7 1 


1 . 1 


14.1 




A 


9 1 


1 


15.7 


Q 




10 




111 


• 




9 1 


1 


21.1 


1 


1 


H 


1 


25.0 


2 




H 1 


1 


29.9 






7 1 




315 






6 


2 


414 






5 




615 


1 




5 


1 


64.8 






6 




82.3 






3 


1 


99.9 






•» 


1 



affect the standinf? of the trroup to such an extent as to make the 
figure for the average wholly unrepresentative and false. Yet, in 
spite of corrections and eliminations, it is quite evident that all 
patholoincal cases were not excluded, as appears from a comparison 
of the data presented in tables XV. and XVI. In Table XVT., I 
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TABLE XVin 

Lett Eab 

Showing the Diatribution of the IndividuaU icith Respect to Auditory Acuity 



lateniitTof 
Sound. 


WhitM 


Indiani 
(from 


FiUplnoi 


Coooiw 


Yan- 
coaTor 


Pat*- 

ffonian 
fiidiana 


Ainu 


Pigmy 




Sehool) 






Indians 






1.4 


1 
















1.6 


2 
















1.6 


3 






■■ 










1.8 


3 
















1.9 


4 


1 














2.1 


4 


1 














2.3 


5 


1 














2.5 


7 


3 




1 










2.8 


7 


2 














3.0 


8 


3 














3.3 


11 


4 


4 




1 








ae 


12 


4 














4.0 


8 


5 


2 




1 








4.5 


8 


6 


2 












5.0 


7 


5 


4 


2 


1 








5.5 


6 


4 


3 












6.2 


8 


2 


4 


2 






1 


2 


7.1 


5 


3 


4 






1 




1 


8.1 


5 


3 


5 


1 






1 




9.1 


5 


3 


7 










2 


10.4 


4 


2 


6 












11.9 


5 


2 


6 








3 




14.1 


4 


2 


8 




1 


1 






15.7 


3 


1 


12 




1 








18.1 


4 


1 


11 


1 


1 




1 




21.1 


4 


1 


9 


1 










25.0 


2 


2 


9 








1 




29.9 


3 


1 


7 




1 


1 






36.5 






7 












43.4 




1 


6 








1 




52.5 




1 


8 












64.8 






4 


1 










82.3 






3 












99.9 






3 












127.2 






2 






1 






162.5 






1 












214.9 








f 











rejected the 25 per cent, of the records at the top and the same 
number at the bottom, leaving one half of all the records distributed 
normally about the median. Were the distribution of cases normal, 
such a method of procedure would affect the average result only to a 
very slight degree. It will be noted on the contrary, however, that 
the average has been shifted upward decidedly in the case of every 
group. In fact, this sifting has the effect of almost doubling each 
average, thus reducing the quantity of energy necessary to excite an 
auditory sensation, on the average, by one fourth. 

In tables XVII. and XVIII. are shown the general distributions 
of the individual records, as they appear in the several groups. 
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Thete distributiona have been made in parallel eolomna to facilitate 
the atudy of compariaona. The tablea, likewiBe, ahow the character 
of the curvea that the hearing recorda of the several groups offer, 
and in addition, preaent them in such form that group differences 
are directly apparent and recognizable. Such a form of distribu- 
tion makes unnecesaary the use of graphic curves. 

In Table IV., p. 34, are given the distributions of the individual 
of the three most numerous groups according to age. All the data 
relating to the smaller groups will be presented in detail in con- 
nection with the discussion of their several individual results. 
Again, nuiking a cursory review of the data in Table IV. the fact 
is revealed that in case of the Whites, Indiana, and Filipinos, the 
age lines were rather closely drawn. I accepted the record of no 
individual whose age exceeded 30 years or fell below 16. Thia 
was done as in the case of the data relating to the upper threahold 
of hearing, in order to secure, so far as practicable, homogeneoua 
groupa. The average age of the Whitea selected waa found to be 23 
years and 5 months; of Indians, 19 years and 2 months; and of 
the Filipinos, 21 years and 1 month. For an acuity test I do not 
think this difference in average age is such as to be very significant 

We shall now proceed to a consideration of the data in detail : 

U'A •/<•«.— Whitea, such aa those selected for these testa, indi- 
viduals in the prime of life, men and women who have never ex- 
perienced any difficulty in hearing, according to these experimental 
data are able to sense and interpret on the average, a stimulus pro- 
duced by the action of an air wave, amounting to a pressure differ- 
ence of 5.5 X 10"* atmospheres or 7.5 X 10"' ergs. This indeed is a 
pressure difference smaller than it is possible to secure in the most 
rarified vacua.* 

It is rather difficult to compare this value with the figures which 
have been obtained by other obser\-erR. largely because of the dif- 
ferent experimental conditions under which the tests have been 
made. In the first place, I have been unable to find data based on 
the meaaures of more than a dozen individuals, and, indeed, aince 
the range of individual differences in hearing acuity is as 100 to 1, 
within a single group, any discrepancies which exist may very 
plausibly be accounted for Ix^cause of the paucity of numbers con- 
stituting the groups compared. Again, Wien* has shown that the 
ear's sensitivity for tones is a function of their pitch, and that its 
sensitivity for different pitched tones varies within rather extreme 
limitH. The vibration number of the tone \\mh\ is, conscfiuently, no 

'S«« lUyleigh, PhiL Ma^. U: 300. 1S94. 
•FflAftr'B Arek, 97: 1. 1903. 
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doubt, also an important factor in accounting for discrepancies 
noted. 

The vibration frequency of the tone I employed I could not 
definitely establish. After repeated assays to fix the dominant tone 
by comparison with other tones of known vibration frequencies, I 
finally selected 500 double vibrations as being most nearly correct. 
But, although I think the dominant tone did not vary far from 
500, there is no question but that some very pronounced over-tones 
present were quite effective in favoring acuity. Wien's* figures for 
a tone of approximately 400 D. V. was 1.2 X 10"^® (S = 8.0 X 10"" 
ergs) for his own ear, when a telephone instrument furnished the 
sound. The figure was practically the same with a tuning fork and 
the Helmholtz's resonators, namely, 8.0 X lO"^® (-B = 3.6X10-' 
ergs).*^ Wien's results, however, make the ear to be almost one 
hundred times more sensitive than the experimental results of 
previous observers had led them to believe. For example: Toepler 
and Boltzmann,' who, according to Lord Eayleigh, were the first 
to make an experimental determination of this question found, with 
tuning forks, that the value of a sound wave's condensation at the 
ear, to be just audible, was 6.5 X 10"*. This figure differs but 
slightly from Lord Rayleigh's own conclusions from experiments 
with Wolf's bottle^ where A = 4.1 X 10"* for a tone of 2,730 D. V. 
The same writer found A = 4.6 X 10"® when a tuning fork* of 512 
D. V. was employed as the source of sound. 

Professor Wead,® also employing tuning forks found for a tone 
of c^ that A = 7.1 X 10-» (E = l,l X 10"« ergs) was still audible. 
P. Ostmann^® with tuning forks (256 D. V.) places the threshold 
at A = 2.1 X 10-* (E = 8.0 X 10"« ergs). These latter results are 
pretty much in accord with some recent experiments of Zwaarde- 
maker and Quix,^^ who fiind that tones from a tuning fork of pitch 
c'^ in which A = 1.5 X 10"* (B = 5.4 X lO"' ergs) might still be 
heard. More recently still,^^ they secured a somewhat smaller 
figure A = 7.1X10-^ (S = 1.3XlO-« ergs). Lord Rayleigh's 
results from his telephone experiments lead him to think his previous 
figures placed the sensitivity of the ear too low, since "some of his 

*Pfiuger'8 Arch. 97: 33. 1903. 

'Dissert, s. 46, 1888; also, Wied, Annal 86: 849. 1889. 

• See Lord Rayleigh, " Theory of Sound," II., p. 433. 

^Proc. Roy. 8oc. 86: 248. 1877. 

•Phil. Mag. 38: 270. 1894. 

•Amer. J. of 8ci. 86: 36. 1883. 

^Arch. f. (Anat. u.) Physiol. 1903, S. 321. 

"^Aroh. f. {Anai. u.) Physiol. 1902, S. 393. 

^Ziaohr. f. Payoh. 88: 401. 1904. 
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rabjects were able to still hear when A = 1.1 X lO** {E = 2.8 X 10-* 
ergs). The fipst figure ia about the same (A = 8.88 X !(>-•) as has 
more recently been gotten by Webster*' with his *' phone," 

It was noted above that Wien *8 figures are from 40 to 100 times 
smaller than my own and those of the other investigators. Zwaar- 
demaker and Quix** attribute Wien's excessive sensitivity of the 
car to the fact that the telephone receiver was held snugly against 
the ear and that hearing was assisted by molecular bone conduction 
in addition to the molar sound energy passing over the ossicles. 

From the character of my own data it is easy to explain differ- 
enoes in auditory acuity as great as 20 times, such as have been 
obtained by different observers, where experiments have been limited 
to a few subjects. Among my white subjects, although not a single 
individual had ever observed any diminution in his hearing func- 
tion, the person with the best acuity nHjuired about 400 times less 
energy to just excite an auditor>' sensation than did the one who 
heard most poorly. And, indeed, the individual with the keenest 
ears heanl about 90,000 times as well as did the poorest among 
Filipinos, although in conversing with these Filipinos it was not 
possible to detect any hearing deficiency. Wien" reported two cases 
of individuals who are still able to hear loud speech but whose hear- 
ing is from one to ten million times poorer than normal. Ostmann** 
concluded that a dimunition of hearing of one half or one-third is of 
slight conse<|uence. The range of efficiency in hearing among 
normally hearing people is a question which, to my knowledge, has 
never before been investigated in this way. Onlinarily, it appears 
unreasonable to lH»lieve that in speech the human voice covers such 
wide latitudes of intensity that a person can speak 300 or indeed 
1,000,000 times as loud at one time as at another and yet not be 
speaking appreciably loud. Our difficulty, perhaps, arises from 
comparing a hearing test such as the one under consideration, with 
the oniinary visual acuity tests in which the units are the angles 
subtendeil by light rays coming from opposite parts of the letters. 
These tests obviously are incomparable. But only recently von 
Kries'^ has sho^n that the minimum intensity of light necessaiy 
to excite the eye amounts to only 1.3 to 2.6 X lO** ergs. To see an 
objwt, 5.6 X lO** ergs is essential, about the same quantity of energy 
that Wien discovered necessary for sound, and about V50 the 

■* BoUnnAnnKMUchnft, 1904, p. 874. 
•^Zttckr. f. P$fch. U: 408. 1004. 
*• r/fdffr'f Arch. 97: 37. 1003. 
•Arch, of Otology, t4: 207. 1905. 
""Zttkr. f, PwyckoU u, f. ir. 41: 393. 1907. 
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quantity necessary to excite a sensation of sound on the average 
according to my own experimental results. Between the intensity 
2.6 X 10"^^ ergs and that of ordinary moonlight, the difference is 
millions, and between the intensity of moonlight and that of sun- 
light, there is again a difference of at least 100,000. It is such 
differences with respect to the eye which have their counterpart in 
the field of hearing. Indeed, extremely great differences in the in- 
tensity of tones are not so commonly noticed as one would think. 
The singing of a thousand voices, though noticeably louder than that 
of a single singer, certainly does not appear 1,000 times as great. 
Under certain atmospheric conditions in the quiet country, it is 
possible to hear, quite distinctly, a human voice at a distance of two 
miles. If the loudness of the voice when at a distance of 11,000 feet 
be compared with that when audible only 10 feet firom the speaker, 
some conception may be had of differences of intensity amounting 
to at least 10,000 to 1 and perhaps 1,000,000 to 1. In the light 
of such comparisons the figures showing the range of sensitivity of 
the normal ear are not exceptionally striking. 

It will be noted that not only in the case of Whites but in those 
of the records of all of the groux)s, the average deviations are ex- 
tremely large. Such of necessity must be the case, however, when 
the unit of measurement is extremely small, such as are physical 
units of sound. Although such fineness of measurement is not 
essential, it can not well be avoided. Our units are fixed beforehand 
and with these we are measuring physiological and psychological 
conditions as they are found among individuals. Part of the large 
average deviation, indeed, may also be explained by the dispropor- 
tionately large number of the cases found below th« mode in the 
curve, which arises from the inability which we experience to mark 
off accurately the normal from the pathological in any functioning. 
In a way, I sought to eliminate some of the error arising from this 
source by presenting an average of the mean cases only, as appears 
in Table XVI. But, even under such restrictions, the average devia- 
tion amounts to about one third of the average result in each of the 
several groups. Prom this it appears that so far as the hearing 
function goes, individuals do not distribute themselves so as to con- 
form closely to the laws governing the normal frequency curve. 

Indians,— (For a more detailed description of this group, see 
Chapter II.) The 64 Indians tested for simple auditory acuity, 
whose records are here presented, are the same whose records formed 
the basis of the study on the upper threshold of hearing for Indians, 
as already presented. Included in this group are the records of 14 
full-blooded males and 13 mixed bloods, with 4 full-blooded females 
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and 33 mixed bloods. Five of those tested were over 25 years; 
81 per cent were between the ages of 16 and 20 years. (See 
Table IV.. p. 34.) 

It must be recalled that these Indians included under the general 
caption *' Indian" were those only attending the Model Indian 
School at the Exposition, who, previous to their coming to St. Louis 
had been in attendance, for some considerable time, at various 
Indian schools throughout the United States. As has already been 
pointed out, in habits and culture they are to be distinguished from 
the Indian of the forest and plain, hence, my reason for grouping 
together all these Indians from the schools representing a number 
of different tribes. For the same reason I have chosen to consider 
separately those tribes representing Indians who came from their 
natural habitats, and who, therefore, more nearly constitute what 
might be called representatives of the typical Indian. 

For the right ear, the figure representing the condensation of a 
sound wave which on the average is required to just excite the organ 
of hearing of the Indians at the Model Indian School, is 7.5 X 10~* 
(E = 14.2 X 10-^ ergs) and for the left ear 8.5 X10-* iE= 18.2 X 
10-* ergs). The figure for the right ear is 1.34 times larger than 
that for the corresponding ear of Whites, and for the left ear 1.18 
times larger. On account of the relatively large average deviations 
these differences are not so significant as at first hand one might 
suppose. Still, the mathematical probability of a difference in 
favor of Whites is not unimportant. On the basis of the data, the 
chances are nearly 200 to 1 in favor of the superior auditory sense 
of Whites for the right ear, and 6 to 1 in case of the left ear. 
Arguing from Table XVI., where the individual records included in 
the average are restricted to those lying about the mean, the superi- 
ority of the hearing of Whites over Indians is more strikingly brought 
out, especially as reganls the right ear. The average for Whites 
shows a keenness of hearing which is just about two times that for 
Indians. In the averages of the left ear, however, the size of the 
difference betwet*n the two groups is lessened, a condition, no doubt, 
due to the fewness of the individuals comprising both the groups 
under comparison. 

Where the individual records are so widely dispersed as are these, 
instead of gn>uping themselves rather closely about the mode, the 
character of the distribution, as a whole, is really more significant 
in the way of indicating group differences than the figures repre- 
senting the averages of the two groups to be compared. A compari- 
son of the hearing of Indians and ^Vhites respectively can easily be 
made by reference to tables XVII. and XVIII., where the individoal 
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records have been distribnted aeeording to relative potition. It m 
clearly apparent that the modea of the diatribatkma of the Indian 
bearinir records— if such a term as *'mode" is reallj applicable to 
such a form of distribution— fall rather decidedly lower than do 
those in the corves of Whites. Moreover, it is seen that the general 
distributions of the hearing records for Whites stand distinctly 
higher than do those for Indians for both ears, demonstrating that 
AVhitos as a whole hear better than do Indiana, although mmny of 
the Indians, to be sure, poMess ears that are more acute than the 
average acuity for Whites. Of the 64 Indians, however, the tmim of 
13 only, or about 20 per cent., rank as high as the median record for 
American or European ears as regards the right ear, and for the left, 
24 Indians hear better than the median hearing record for Can- 
easians, or about 38 per cent. Taken all in all, therefore, the datA 
point rather decidcHlly towani a superiority of the hearing of Whitea 
over that of Indians; such Indians at any rate as constitute the 
groups hen* considerwl. 

The numbers are rather small to indicate reliable sex differences; 
27 men and 37 women. But the average acuity of the men, for the 
right ear, amounted to A = 7.4 X 10* (« = 1.38X 10^ ergi) ; of 
the women for the same ear it was A = 7.5 X 10^ (E = 1.42 X 10^ 
ergs). For the left ear. the figures for men and women respectively 
were A = 8.5X10* (£ = 1.83X10* ergs) and A = 8.4X10-* 
(If = 1.78 X 10-* ergs). If we should argue from this group alone, 
therefore, sex differences in hearing, among Indiana, do not exist. 

The Cocopa (or Seri) Indians,— ( For a more detailed description 
of thfs** pt^»pi<*. turn U^ Chapter II., page 6.) Of the Coeopa 
Indians I wan able to secure ten hearing rec«in!s, all of males. Owing 
to tht* fact that th«* numb<*r is so small, I shall present the data 
relating to the hearing of the various individuals in detail: 

.^iDiTosT .^nmr 
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It will be ob8crv(Hl that the individual differences are consider- 
able, which makes the average of relatively little value as a figure to 
represent the hearing efficiency of the group. Of the ten hearing 
records made, I rejected, as being palpably pathological, two for the 
right ear and two for the left; those which have been enclosed in 
parentheses. Even with the elimination of these records, not only 
on the average but in almost every individual case the records for 
the Cocopas are below the median record of Whites for both the 
right and the left ears. The single exceptions to this statement are 
that of Jerry, who«e record for the right ear is slightly superior to 
the median recortl for the Whites, and that of John Roy, who heart 
slightly better with his left ear than the median of Whites. Some 
of the auditory deficiency manifested by these people is undoubtedly 
mental, but it is improbable that all can be attributeil to this factor, 
inasmuch as some of the individuals tested were fairly bright young 
men and, moreover, took a decided interest in the hearing test. 
I questioned some of the men as to their apparent hearing deficiency, 
with the result that the difficulty was attributed to ear afflictions, 
from which it appeared almost every individual had suffered in time 
past These were said to be due to exposure to storms and inclement 
weather. But why the Cocopa Indian should particularly be a vic- 
tim to the inclemency of the weather, it is hard to imagine, inasmuch 
as he dwells in a tropical land, where the climate has a tendency to 
be arid. And besides, the Cocopas' ears are usually very completely 
protected by the dense mat of tarred hair which is allowed to grow 
long and hang loosely about the head, thus covering the ears almost 
completely. 

The number of individuals measured was too few to speak defi- 
nitively, but it seems fairly safe to assume that Cocopas do not have 
auditory acuity which is equal to that of Whites. It is almost cer- 
tain that it is not superior. 

The Vancouvers (Sutken and Ktcaguitl) Indians,— (For a de- 
scription of these people, see Chapter II., page 8.) I was able to 
secure records of the auditory acuity of all seven of these Indians, 
from the southern portion of Alaska, who were present at the Exposi- 
tion. I shall present the data relating to this group in detail, as 
shown in the accompanying table. 

On the average, it is seen that these Indians have an acuity of 
hearing only about one half as great as do the whites (see Table XV., 
p. 90). Considt*ring the large amount of variation among the 
records, the averages for right and left ears respectively do not 
differ to any significant extent. The records of the two women show 
an acuity strikingly poor, though the reconb are probably not repre- 
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•enUiive of the VaneouTer Indimn women as a whc^ AUeo, an oltl 
man, made a poorer record than the women, as did abo Jaq>er, bat 
Jasper had experienced a hearing diflknlly at one time, altbooirh 
when the test waa made he did not believe his bearing in any way 
defective. 

One of the seven had an acuity equal to that of the median of 
Whitea with the right ear. three with the left, bat, on the whole, tbe 
hearing records of the Kwaguitl and Natken Indians are low, making 
it platiaible to believe that the Alaskan Indiana as a class posaem sn 
auditory sensitivity decidedly leas acute than do Americana and 
Europeans. 

Paiag<nman Indians^ The Tekuekke,'- ( For a description of these 
people see Chapter II., p. 10.) I waa able to make testa on four of 
the Indians of this tribe only, all being men. The data rriating to 
their auditory acuity, in detail, follow : 
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F<»r neither «*ar. it th«*re a single record of the bearing of these 
Indians which 'i% a^ it^hI aji the me<lian reconl for Whitea. On the 
avenMr^, th«*ir autiitnnk- acuity is leas than one-half aa good aa thai 
of Whitf-^i fnr each ear. Xforeorer. these were not old men nor were 
they in any rwpt*ci prematurely aged. On the contrary, they www 
stunly. vi^oniuii. snii in gi^ health. Indeed, so far as I 
to learn, thenr wss no apparent physical reason why their 
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should not be good. We may not aasome, however, that a gronp as 
small as this is representative of the Patagonian natives. 

Resumi of the Hearing of Indians,— 11, now, we group the native 
Indians together and consider them as a single group, we have alto- 
gether twenty records. (Table XVII.) It is thus seen that only 
two of the twenty native Indians have auditory acuity records equal 
to the median for the right ear of Whites, and three for the left ear. 
While even yet the whole number measured is not large, it certainly 
is sufficiently great to justify the rather positive inference that, on 
the whole, Indians hear leas well than do Whites. Furthermore, if 
we compare this group of native Indians with those who have been 
in attendance at the U. S. Government Schools, it will be noted as 
striking that the more intelligent Indians— those who have been sub- 
jected to the influences of civilization— have a better auditory acuity 
than do those who have been closest to nature and a natural life. 
So far as our American Indians of the plains are concerned, there^ 
fore, it can not be averred that their senses deteriorate with increased 
contact with civilization. 

Fi/ifMwotf.— (See Chapter II., page 6, for a description of these 
people.) Of the Filipinos, I measured the hearing of 137 indi- 
viduals. As will be seen by reference to Table IV., the Filipinos 
were all men in the prime of life, in fact, young men in their teens 
or just l)eyond twenty. A more favorable group of individuals for 
testing it would be difficult to And, and especially is this true when 
we remember that for the most part they were also rather decidedly 
alK>ve the average of native Filipinos in intelligence and social cul- 
tun». The group ha<l lK»en selecteil somewhat on the basis of hear- 
ing b4>fore reaching the l^nitetl Stat(>s. In choosing the men for 
army service those men had btM»n ngected whose auditory acuity was 
dLscovere<l to be too low. Just what was the nature of the auditory 
test I was unable to learn, but fn)m the informaticm which I could 
glean from the men and officers in chargi\ and from requirements 
in other particulars, made of thost* enlisted in the Filipino service, 
I would judge that nothing mon» was re<iuire<l in the way of hearing 
acuity than ability to understand militar>' directions spoken in an 
onlinarj* tone of voice. 

The relative p<isition <x»cupitMl by the Filipinos as regards their 
auditors' acuity may be s«H»n by refert*nce to the data in tables XV., 
XVI.. XVII. and XVIII. (pagt« 90-92). In terms of the average 
result of the gn»up. for the ritrht ear, the condensation of a sound 
wave (A) must eipial 24.2 X lO* (£ = 160.0 X 10-^ ergs) and for 
the left ear 26.6 X 10-» (£ = 171.0 X 10*^ ergs) to excite an an- 
ditory sensation such as is re^iuiretl to interpret the stimulus in the 
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hearing test herein employed. It may be noticed that the figures 
for Whites are 5.6 X lO"* (E = 7.7X10-^ ergs) and 7.2 X !()-• 
(JS? = 12.0 X 10"^ ergs) for the right and left ears respectively. 
These are rather extraordinary figures, in that they indicate that on 
the average Filipinos possess a sense of hearing which is only about 
one twentieth as keen as Whites, taking as a basis of comparison 
the acuity of the right ear of the two groups. This means that 
Filipinos on the average require 21 times as much energy to excite 
an auditory sensation as do Whites. For the left ear the sonorous 
energy required is about 14 to 1 in favor of the Whites. The dif- 
ference between the two groups is so marked that there does not 
appear the slightest chance of its obliteration, however large the 
groups of Filipinos and Whites respectively might be made. To be 
sure, the average deviations for Filipinos are large; but no lai^r, 
proportionately, than are the corresponding deviations for Whites. 

Applying statistical methods to the data, for the two groups, to 
ascertain the relative mathematical certainty of a difference in their 
hearing, it is found that the chances in favor of a difference between 
the groups are practically infinite. The chances are 300 to 1 that 
the difference in condensation of a sound wave required to excite 
hearing, between the two peoples is at the least 15.00 X 10"*, or 
300 to 1 that the hearing acuity of Filipinos is only one ninth that 
of the Whites for both ears. Exactly the same differences appear 
if we select only the median cases— the 50 per cent, of the cases dis- 
tributed equally about the median— as will appear by reference to 
Table XVI. (p. 90). Referring now to tables XVII. and XVIII., 
it is seen that, for the right ear, nine Filipino hearing records only, 
and for the left ear but six of a total of 137, are as high as the 
median record of Whites. 

When the hearing was being tested at the Exposition, both Pro- 
fessor Woodworth and I noticed that the Filipino i>eoples were doing 
very poorly indeed. At first, there was a disposition to attribute it 
to a defect in the working of the instrument. But this was found 
to be untrue, since a comparison of my own hearing record, which 
always immediately followed that of each Filipino tested, showed the 
testing device to be working normally. 

I am at a loss to account for this remarkable difference between 
the auditory acuity of the Filipinos and Whites. One point of 
interest has already been referred to in connection with the discus- 
sion of the upper limit of hearing of these people. It was remarked 
in that connection that some of the Americans who had resided in 
the islands for two or three years had observed that their own hear- 
ing was very poor while in the Philippines, a fact which they be- 
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lievecl to be attributable to over-dosing with qainine, a drng which 
they found it necessary to use freely to ward off tropicsl fevers. 
But, as was then stated, Filipinos are immune to attacks of thess 
febrile diseases. They use no quinine or other drug with like prop* 
erty, no the explanation of auditory inferiority which takes into ac^ 
count the use of quinine, is unsatisfactory so far as it relates to the 
natives. Were the relative inferiority confined to this one hearing 
test alone it might be interpreted ss at least in part due to the 
Filipinos' inability to react to the test from one cause or another. 
But a like unfavorable difference, it will be recalled, was found to 
obtain with reference to their upper limit of hearing. The inferi- 
ority probably extends to all phases of hearing. 

In order to determine to what extent the reconls from this t«st 
would correlate with those for the upper threshold of hearing, I 
worked out the Pearson coeflBcient of correlation" for all the Fili* 
pino reconls, employing both methods — for relative position and for 
average difference. By the first method, the coefficient of correlation 
between auditor}' acuity and the upper limit of hearing of Filipinos 
wa« -f 0.2907. By the second method, the coefficient of cor- 
relation between the two amounted to -f 0.5408. The amount of 
correlation is certainly fairly large. And, taking into consideration 
an inKtnimental error amounting to between 5 and 10 per cent, in 
each series, the degree of correspondence is about as great as might 
be looked for where the measures are of quantities that are as variable 
in nature as are tho^e of any aensory test. 

Looking at the distribution of the records of individuals in the 
two tests respectively we discover that of the 25 individuals who 
ranktnl hight'st in auditor>' acuity, 18 are among the 25 highest in 
the upper limit test, and (»f the 25 individuals who ranked lowest in 
auditors* acuity — •'. e., did most poorly— 21 are also among the 25 
piHtn-st in the test f<ir the upper thn*shold of audibility. The char- 
acter of the c<M*fficient of corn»!ation together with the figures show- 
ing the comwpondenct* in the cases of the reconls at the extremes, 
althouirh th«»y in<licate that some definite correlation exists between 
hearing n<Miity and the limit of hearing, do not show a point for 
fxiint corn*«|K>n(lence such as to justify one test for both functions 
in a pun»!y functional hearing ti*st. The n^sults furnish evidence, 
it s«*^*ms to me, in support of the th4M>r>' that in its ultimate anah'sis, 
pitch diHOfmm»»nt is clos«»!y n^latwl tt) the factor of intensity. 

The n»lation that exist.s Mween au<litor>' acuity and intelligence 

** r = Zi> '!•#,#, in which r \n the rrf^uiriHl rorfficM^t; jr and y th# d^ria- 
tion* of an individual from the avrraipra of the two terif* of mranurrmcfiia ; 
n the numhrr of individual!: #, and #, the atandard deriationa of the two 
mrif of iiMUumiimta. 
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was likewise investigated to a eertain extent In eonneeti<m with 
otlier tests and measures^ we had the people whom we measured at 
the Exposition perform eertjun intelligenee test% whieh were more 
or leas simple in character. Among the intelligence testa was a 
simple "form test" which we belicTed* from obaenration, to cor- 
relate roughly with intellectual ability. The test consisted in select- 
ing certain blocks, cut into geometrical forma, which were arranged 
in random order, and placing them into holes of corresponding shapes 
which had been cut into a board. A record was made (1) of the 
time required to perform the operation as well as (2) of the acenracj 
with which it was done. Taking the time required to perform this 
test by Filipinos and their auditory acuity, the Pearson coeflkient 
of correlation was +0.238. While, therefore, the correlation be- 
tween intellectual ability, as measured by this intelligence test, and 
auditory acuity is not rery considerable, it doea show that inteliectoal 
ability is a factor that must be reckoned with in sensory measures, 
even though the tests be ss simple in character as were those of 
auditor>' acuity, and especially is this true in the case of tests on 
primitive peoples. 

I had an opportunity to test the factor of intelligence as regards 
its relation to auditor>' acuity a little farther, in the case of the Fili- 
pinos. Among other Filipinos tested for hearing were fourteen 
students, who were in attendance at various American universities 
and collegm. I separated the hearing records of these Filipinos 
from the otheni in onler to compare them with thoae of Filipinos of 
the m(»re humble walkn of life. These student records for the hesr- 
ing (»f the right and left earn, respectively, I will present in full : 



Kiuri5o Sn'ocjiTu — .\rorrri«Y AriiTT— IifotriDfAL 







ai«ki vm 




U«l 


Ear 




15 


jr- 


1.6 


19 


ir* ^"mm 




O.t 




2.H 




10 


11 


1.1 




XQ 




IS 


IS 


li 




15 




1.6 


IS 


IS 




SO 




IS 


S.S 


IS 




as 




r% 


40 


4.0 




S3 




18 


4.0 


4.0 




ss 




IH 


46 


6.0 




S6 




ss 


45 


6.0 




S6 




ss 


45 


6.0 




45 




5 » 


4.6 


6.0 




4.5 




5 , 


6.2 


t.6 




157 




MO ' 


15 7 


M.0 




\S1 




MO 


96.6 


»!• 


Av^fttft. 


5.0 




11 6 


6.40 


St.i 



RESULTS 



106 



Of these records of Filipino students, it will be seen that all 
except the last two are above the median hearing record of Whites, 
in case of both the right and the left ears. But it has been ques- 
tioned whether, after all, this difference in hearing between the stu- 
dents and the common native Filipinos is really a matter of intelli- 
gence at all but rather due to the fact that these individuals had 
been longer in the United States and hence had become somewhat 
more acclimated than had the soldiery, who came to St. Louis di- 
rectly from the islands. It is difficult to conceive, though, how a 
climate so different from that in their natural habitat, in which they 
and their forefathers had lived for centuries, could be effective in 
bettering a sensory quality. Indeed, the argument would sound 
more plausible were we to reason conversely that their hearing be- 
come poorer in the United States because of their longer sojourn here. 

Ainu.— (For a more complete description of these people, see 
Chapter II.) The composition of the Ainu group was not the most 
favorable for an auditory acuity test. In addition to the too great 
variation in ages among the peoples, it appears that to some extent 
the different individuals of the group were interrelated. In testing 
a related group such as this, consequently, there is some possibility 
that what is really being measured is a family characteristic rather 
than a racial trait. I shall present the records, however, as I se- 
cured them: 

Ainu — ^AuDrroBY AcmrY 



Name 



Age 



Bight Ear 



A=Xl(r» -ff=Xl(r»OTgs 



Left Ear 



A=iXl(r» -ff=Xl(r»ergs 



Tazo Osawa. 

Katom Hiramaitu 

Goro Sete 

Sangea Hiramara 

Kin Hiramara ( Daughter of 

Sangea) 

Bhmtatek Hiramara (Wife of 

Eatorge) 

Ume Osawa (Wife of Yazo) ... 
Santukano Hiramara. , 

Average , 



5.5 
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11.9 
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11.9 
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17.0 
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35.0 
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17.06 



102.7 



In making up the averages for this group, I included the records 
of all the individuals examined, in spite of the fact that they pre- 
sented wide variations. In case of a doubtful record in making up 
the averages of larger groups, such as the Whites or the Filipinos, 
I observed the rule laid down by Professor Cattell of rejecting the 
record of any individual if its divergence from the average exceeded 
three times the average deviation. Such a record is more likely to 
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be an instrumental error or to be a case of pathological functioning 
than a questicm of simple deviation from the average. Such a pro- 
cedure in the case of the records of the Ainus, however, would be 
difficult to follow. 

Of the eight records of hearing for the right ear, five were very 
poor and only three fair in comparison with those of Whites, while 
for the left ear, seven of the eight are relatively poor, though for 
this ear the average shows slightly higher than that of the right. 
None of the Ainu i>eople, in case of either ear, stand as high as the 
median records for "Whites, for corresponding ears. While it is not 
permissible to become dogmatic from so small a sampling, it seems 
probable enough that the average of a large group of Ainu people 
would show about the same relative inferiority with respect to au- 
ditory acuity as was discovered among the few examined. At the 
time of making the examinations, and again some months later, I 
inquired carefully of each person whether he or she had ever observed 
that his hearing was defective, but the replies were invariably in the 
negative. There is no way in which the question can be investigated 
other than by the method of observation and selection, but I am con- 
vinced that the inferiority of the Ainu in respect to this sense is due 
in no small part to their sluggishness in reacting to impressions. So 
sluggish and unresponsive are they, that a stimulus of more than 
ordinary intensity is required to arouse them, and it seems not un- 
natural that weak auditory stimuli should fail to break over the 
threshold of consciousness. Confirmatory of this opinion is the fact 
that of the eight individuals tested, the three who were the most 
intelligent and alert of the group were likewise the three who pos^ 
sessed the best records of hearing acuity. 

No effort was made to differentiate the sexes in the tests, though 
it will be seen from the data that the average acuity of the women 
is considerably less than that of the men. The record of Kin was 
high also, and perhaps should have been omitted in making up the 
average, but she seemed to understand the procedure and to react as 
intelligently to the questions put to her as the average of her people, 
and for this reason her record was included with the others. 

Pigmies.— {For a description of these people see Chapter II., 
page 9.) It would, perhaps, be better to consider this group as one 
of native African Negroes, rather than of a particularly primitive or 
aboriginal race. Some of the number, at least, were not Pigmy at 
all : they belonged to a type of large red negro found in the central 
Congo district. Yet even as regards Negroes who have been little 
influenced by the habits and arts of civilization, they will give 
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instructive information. I shall give the data relative to their affea 
and tribal connections as it was given as together with the hearing 
records which I was able to make, in the following table : 
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In contrast with the records of the Ainu just considered, it it 
seen that the Pigmies present a rather homogeneous group so far as 
auditory acuity is concerned. For both ears the average deviations 
are small. This probably is due, at least in part, to the fact that 
the individuals were about of an age, and differed little tempera- 
mentally from one another. It will be remembered that for the 
upper threshold of hearing the Pigmy records were all high, and if 
the same relative distribution were to follow, were the number 
increased indefinitely. Pigmies would possess an upper threshold for 
hearing superior to that of any other race, not being inferior to even 
Whites in this respect. An equal degree of superiority was not 
attained by Pigmies in auditory acuity, although for the left ear 
(see Table XV.) the average acuity of Pigmies is slightly higher 
than that of the same ear for Indians who next approach Whites 
in keenness of hearing; the record for the right ear falls below that 
of both Whites and Indians. Little significance perhaps may be 
attached to an average measure, where the numbers measured are so 
few, but the character of the distribution of the group seems to 
indicate a decided inferiority for the hearing of the Pigmies as com* 
pared with those of both Whites and Indians. The curve of their 
hearing falls perceptibly lower, the average being relatively higher 
owing possibly to the fact that none of the Pigmies possessed any- 
thing in the way of an organic hearing defect, which might tend to 
lower the standing of the group. An explanation of the differences 
found between the comparative records of Whites and Pigmies in 
the upper threshold of hearing and for simple acuity respectively 
might be given on an intellectual basis. In the test for the opper 
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thrcthold of bMriDg, the stimuli are of longer dnrstion. More- 
over, thej require no interpretation, and conaeqiiently the fedinir of 
hearing the aoond, which really haa only a inbthreabold Talne, nay 
he more eaaily aceompliabed, than the aetnal interpretation, whieh 
the conntinir of the stimoli, implied in the simple aenity test, 
sitates. I pot this forth as snggestive only. 



CHAPTER XI 

SUMMABT AND CONCLUSION 

It is Tery difficult to compare the foregoing retolii with those of 
Myers in the same field, by reason of the differences in the method 
employed in collecting data. In the classic work of Myers, on 
Papuan hearing, several different devices for testing the hearing of 
the primitives were employed.* And to such an extent were these 
different measures therefore confused that it waa necessary for 
Myers to report all the data he collected in terms of s personal 
fraction in which the hearing of one of the monbers who made 
up the expedition was the denominator, while that of the subject 
constituted the numerator. Of the 35 Islanders who were examined 
for auditory acuity by Myers, the hearing of seventeen only was 
reported and of these twelve were children, five only being adults. 
Of the children five could hear as f ar aa Myers; seven were clearly 
inferior; and of the adults examined, all poss es s ed a very low acuity. 
Although consequently I can speak only in general terms, Myers's 
conclusions do not appear to differ essentially from my own in this, 
that they point out clearly the obvious superiority of Whites over 
primitive races in the keenness of their hearing sense. 

With my smaller groups, ss has been repeatedly stated, the num- 
ber examined is insufficient to do more than indicate a general 
tendency of the group within the region of a large probable error. 
Especially is this true of such peoples ss the Vancouvers, the 
Pigmies, and the Cocopas, where it is difficult to predict with any 
degree of probability the character that the hearing curve of the 
peoples ss a whole might assume, inssmuch ss the records are so 
scattered — some being fairly high; others extremely poor. But in 
the case of such groups ss the Indians, Filipinos and Whites, the 
number of measurements is sufficient to give at least the general 
character of a complete distribution of the race aa a whole. 

Taking the results of all the groups examined for what they are 
worth their standings respectively are aa follows, ss regarda the 
acuity of the right ^r: 

Whites; Cocopas; Indians from the School; Pigmies; Pstagonian 
Indians; Vancouver Indians; Ainu, and lastly, Filipinos. 

For the left ear, the order is slightly changed. Whites and 
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Filipinoi, howerer, itill reUininir the positioDft at the two eztrfmet; 
the order from the most acnt^ people to the least aente beinir: 

Whites; Pigmiea; Indiani from the Hehool; Coeopaa, Vaneourer 
Indiana; Aino; Patagoniana and Pilipinoa. 
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It will be ofaaenriHl that the relatiw poaitaooa of the three 
Qtunerona gr^apa. namely Whitaa, Indiana from the Sehool, and 
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Filipinos remain unchanfred. Indeed, they retain in retpeet to each 
other about the same relative petition for both the right and left 
ean, and alao, when the baaia of comparison is that of absolute units 
of hearing, instead of relative position. To summarise the various 
comparisons which have been made in connection with the data 
relating to the several groups, we may show the following ratios 
indicating the relative keenness of the hearing sense of each group 
ss compared with that of Whites: 

BIfklEar LtAlftr 

Wbit«*— CoeofMui Batio 7 lo 6 Ratio t to 7 

Wliitco—IiidiAns (School) ** 9to5 " S^to7 

HliitM— PiffmiM " lOJS to 5 " 7^ to 7 

WbitMi—PAtagoniaiit - 12 to 5 " 17^ to 7 

HliiU«— Vancourer IndUns ** 10 to 6 ** 10 to 7 

WhitM— Aiaus - IS to 5 - 17 to 7 

Wliitco— Fillpinot *'S4to6 *'Se^to7 

Preyer, Fechner,' Bezold and othera have observed that in hear* 
ing tcssts. the left ear in general ia more acute than the right Miss 
Nelson,' on the contrary, found that in both men and women the 
right ear was the better. The left ear, it will be remembered, waa 
found to be superior with respect to the tests for the upper threshold 
of hearing. In case of the ears of each of the larger groups, my own 
experiments in general confirm the observations of Miss Nelson as 
opposed to those of Fechner and Bezold. The acuity of the left ear 
not only of the three larger groups but in three of the five smaller 
ones, is clearly inferior to the right, the Pigmies and Ainus alone 
being exceptions. When making the measurements of the upper 
threshold, it will Ih> recsUed that it was stated that almost invariably 
the right ear was first tested. In consequence, I believed ths 
sup<'rior upper limit of the left ear to be due to the effect of practise 
in bearing shrill tones. But this explanation will not apply to the 
case of the acuity t(*st. Instead of testing invsriably one particular 
ear first, the process was sltemate<I~the right and left ears slter* 
nately being first tested in successive subjects. Practise effects 
could not, therefore, have been operative in causing the sverage for 
acuity of one ear to be higher than the other. It is, indeed, more 
probable that the causal factor is organic rather than psyehologieal. 

The one fact standing out most prominently aa a result of these 
messurpments is the clearly evident superiority of Whites over all 
other mcen, both in the keenness and in the range of the hearing 
sense. The evidence is so dear and striking ss to silence effectually 
the contention that the hearing function, inasmuch as it is of rela* 
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tiTely leii utility in the partoiU attending modem loeial eooditiont 
than tboae torronnding the life of the MTage, hat deteriorated and 
ia degenerating. On the contrary, they are more nearly in keeping 
with the adraneed poaitiona taken by modem djmamie payehology, 
to the effeet that not only the intellectual bat aenaory poaaibilitifa 
are to be atated in tenna of the rariety of motor reaponae of which 
the indiridoal ia capable. Other thingi being equal thoae indiriduala 
or races poaacaaing the greatest complexity and variety of reaetiona 
to elements in their respectiTc environments likewise will be gifted 
with keener and more acute aensory mechanisms. 

If all diacrimination of data coming to the senses must finally 
be statcil in motor temas, as most psychologists would hare ua think, 
then thoae peoples whose social actirities call for the greateat com- 
plextty of response will, of necessity, povess keener senses along 
thoae lines in which the social media call for doaer diacrimination. 
Thia motor aspect of a sensory function also senrea, to a certain 
extent, to explain a rather startling auditory inferiority on the part 
of aome of the natives of tropical landa. In theae regions of warmth, 
where lack of thrift and indolence are fostered by nature *s bounty, 
in its luxuriance and plenty in the way of food, in its relative im- 
munity from exigenciea calling for protection and shelter, adaptive 
activities are found at their lowest ebb. Contrast these conditions 
with those of higher latitudes, in which the individual ia in constant 
strife to keep himself in harmony with his surroundings. And the 
ear plays no insignificant role in thia endless round of readjustment. 
Roughly, and in general, the data on hearing were found to correlate 
with motor versatility as regards the different racea. 

Then again the more involved a test, the more probable is it that 
differences in the degree of intelligence of the subjects tested will be 
effective in modifying in an unfavorable direction the performance 
of the leas gifted group. It has already been indicated that the test 
for auditory acuity which I employed was more than a simple aen- 
aory test, inasmuch ss it re<|uired an interpretation of the stimuli 
presented to the ear, and for this reason it wss believed that aome 
of the differences between the acuity of the aeveral peoples tasted 
might be sttributable to the obvious fsct that striking differences in 
mental alertneas obtained among the different races. But to what 
extent the mental factor was rfsponsible for the degree of soditory 
inferiority in such s race as the Filipinos, it is impossible to tell with 
any degree of certainty from the data at hand. 

Only two factore have been indicated to account for diffemeea 
in auditor^' acuity found among primitive racea, and bet we e n priasi- 
tive rsces and Whitea. That there are many others, sosM perhaps 



